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Abstract 

The work has been carried out on the chemical composition of shell and embryonic 
membranes of eggs of Microbracon gelechiae Ashm., Corcyra cephalonica Staint., ChUo zoneUua 
S., Pyrilla perpusilla Walk., Trichogramma evanescem minutum Riley and TetrasUchus pyriUae 
Craw., and penetration of chemicals through them. The eggs of the latter two insects are endo- 
parasitic in eggs of C. cephalonica as well as G. zondlue and P. perpusiUa respectively. The 
eggs of M. gelechiae are ec to -parasitic on larvae of Qnorimoachema operciiUela Zell, and 
G, cephalonica. 

The endoparasitic eggs of T. evaneacens minutum and T, pyriUae have thin non-resistant 
proteinaceous chorion and epembryonic membrane. They are devoid of the internal lipoid 
layer. They are not resistant to the penetration of hydrophilic or lipophilic substances. The 
poison that gets into the host-eggs is enoxigh to kill them. In eggs of rest of the insects there 
is a remarkable parallelism in their fundamental structure. The shell bears respiratory pores, 
running through its substance. It consists of external proteinaceous cement containing loose 
admixture of unsaturated oily substance, proteinaceous chorion made of non-resistant exocho- 
rion and resistant endochorion, and a lipoid layer of unsaturated oily material internal to the 
chorion in freshly laid eggs — and of a mixture of unsaturated and saturated fatty substances 
in older eggs. The chorion and the lipoid layer are fully completed in the ovary. The latter 
is formed by ovum and the former by follicular cells. In some of the eggs of M, gelechiae the 
lipoid layer is completed after oviposition. The micropyle is closed by lipoid from this layer 
immediately after fertilisation and before oviposition. The cement is deposited after fertilisa- 
tion when the eggs are ready for oviposition. The proteinaceous vitelline and fertilisation 
membranes are devoid of any oil, but the serosa and later the epembryonic membrane contain 
a small quantity of unsaturated-lipoid in older eggs, and it is reabsorbed by the developing 
larva before hatching. 

The cement and the chorion do not obstruct the penetration of hydrophilic or lipophilic 
poisons into the eggs ; they often retain some poison to cause the death of those larvae which 
eat theii* way through while hatching. The main obstruction to the entry of water-soluble 
substances is given by the lipoid layer ; but it is supplemented to some extent when some fatty 
material appears in the epembryonic membrane in mid-development, and when some of the 
unsaturated-fat of the lipoid layer is converted to saturated state. The lipophilic substances 
penetrate quite easily through all layers of the eggs ; but some resistance encountered by them 
and a fumigant hydrogen cyanide during mid-development may be due to the fully developed 
state of epembryonic membrane, which is even resistant to the action of some corrosive chemicals 
at this time. 


Introduction 

The investigations have been carried out on eggs of Microbracon gelechiae 
Ashm., Trichogramma evaneacens minutum Riley (HsTuenoptera), Chilo zonellua S., 
Corcyra cephalonica Staint. (Lepidoptera), Tetraatu^us pyrittae Craw. (Hymenop- 
tera) and Pyrilla perpuailla Walk. (Homoptera). The first one is an external para- 
site of larvae of Onorimoachema opercideUa Zell., a pest of potatoes (Narayanan, 
1948a), and the second one is an internal parasite of eggs of maize stem borer, 
0. eoneUua (Narayanan, 19486). The larvae and the eggs of C. cephalonica serve 
ks a laboratory host for the first and second insects respectively (Narayanan and 
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Mookherjee, 1966). P. perpusilh is a serious pest of sugarcane and T. pyrillae 
is the endo-parasite of its eggs (Narayanan and Kundan Lai, 1963). The work 
described herein is meant to be a study of differences in the chemical composition, 
modifications of the egg-envelopes, if any, during development because of their 
different environmental conditions, and J/O indicate how toxic materials and simple 
chemicals penetrate from the outside to the inner living contents. It is not 
intended to devise methods of control or to obtain ovicidal materials, but this study 
may provide a ‘model’ for parasitic (Hymenopterous) and host (Lepidopterous 
and Homopterous) eggs in the same way that previous work (Beament, 1946c/, 6 ; 
1948, 1949, 1951 and Beament and Rattan Lai, 1957) has indicated the broad 
principles governing the mechanism of penetration through th(» eggs of Rhodnius 
prolixus Stahl., and Pieris brassicae Linn. It also explains how the host egg pro- 
vides protection to the delicate egg of the parasite developing within the former. 
It may be possible that these recent fundamental studies and those undertaken 
in future may be of some value in selecting the ovicides effective against the eggs 
of pests, but not of parasites. 

Material and Method 

The eggs of M. gelechiac are obtained by the usual established practice of con- 
fining male and female adults in 3x2 inches glass dishes conlaining soaked 
raisens and covered on one aide with muslin, the host larvae of (\ cephaloiiica being 
kept on top of the muslin covered over with a glass plate. The insects of all the 
species used in this work are reared at about 30T and 76 per cent relative humidity 
in an incubator. The females of M. gdechiae deposii eggs through the muslin- 
partition scattered on the surface of the larvae. The eggs can be riunoved gently 
from the host larvae with a fine camel-hair brush, as they lie loose and not gummed 
to the surface. In the absence of host if tlie eggs are crowded the* newly hatched 
larvae suck juice from the unhatched eggs or even from the sluggish larvae 
Generally the unmated females do not lay eggs ; but sometimes the unfertilised 
eggs are deposited by them which do not hatch at all and consequently there is 
no ovoviviparous development in the insect Th(* eggs laid by mated females 
are removed from the host and kept in the iii(‘ubator until lU'cded. The eggs 
hatch within 24 hours at 30°C of 100 per cent II.H., indicating a uniformity of 
development ; one can therefore presume that the eggs are fertilised immediately 
before laying. 

The eggs of C. cephalonica arc obtained by the usual methods of keeping gravid 
females in tin containers having glass top and wire-gauze bottom. These con- 
tainers are placed in trays. The females oviposit through the wire-gauze and the 
eggs dropped in the tray below are collected. The eggs of C, zonellvs and P, per- 
pmilUb are obtained by confining the gravid females in largo cages containing 
maize and sugarcane plants respectively and kept in the field. Bolli the insects 
laid eggs in batches. The eggs of C. zonellus remain firmly gummed to the loaf 
surface, and for chemical tests they are kept soaked in water for some time and 
then removed from the leaf with camel-hair brush. Acetone or any other solvent 
cannot safely dislodge them from the leaf. Because of highly adhesive cement most 
of the eggs get damaged while removing them from the leaf ; hence for tests where 
living eggs are needed they are not dislodged from the leaf pieces. The batches 
of eggs of P, perpusilh are covered over with waxy secretion and detached hairs 
from the female (Narayanan, 1953). These eggs, though firmly attached to the 
leaf surface, can be easily removed from it with camel-hair brush soaked in 
acetone without damaging them. This method loosens their cement and the waxy 
covering. The eggs of these insects are kept in an incubator until needed. The 
duration of egg-stage of (7. cephalonica^ C. zonellus and P. perpusilh at 30®C and 
100 per cent R.H. is about 3, 4 and 9 days respectively. 



INTERNAL PARASITIC EGGS (HYMBNOPTEBA) AND THEIR HOST EGGS 


3 


The eggs of T, evanescens mimtum (Narayanan anclMookherjee, 1955) and those 
of T. pyrillat (Narayanan and Kundan Lai, 1953) are obtained by confining the 
eggs of the respective host along with the male and female adults in 2 X 4 inches 
glass-stoppered jars kept in an incubator. The parasites oviposit inside the host 
eggs, which are dissected to remove the parasitic eggs. The removal of parasitic 
eggs from the host eggs at different intervals after parasitisation indicates that the 
duration of egg stage of the parasites is about 24 hours at 30®C. 

The technique employed is after Beament and Battan Lai (1957) with slight 
modification where necessary. The experimentation with eggs is carried out at 
30®C and 100 per cent R.H. The external morphology of the eggs is studied in 
whole mounts as well as portions of the shell mounted in glycerine, whereas the 
penetration experiments are conducted with the staining method. In some of 
the latter experiments radioactive phosphorus, is also used. The eggs with- 
out treatment with lipoid-solvent or after treatment for some time with petroleum- 
ether or chloroform are immersed for 5 and 60 minutes in 0.5 per cent aqueous solu- 
tion of phosphoric acid (H3PO4) containing 250/ic. of radioactive P^^. Later these 
eggs are washed with water and assayed for radioactivity. The conversion of 
some of the unsaturated material of lipoid layer of the eggs to saturated state 
during egg-development is studied as follows : — Fifty eggs or ova are cut into 
longitudinal halves, removing the inner contents along with epembryonic or 
vitelline membrane and thoroughly washing with distilled water. Those are 
quickly treated with 0.1 ml. of chloroform in cavity slide. The treated shells are 
removed and the chloroform after evaporation leaves a deposit of fatty material 
on the slide. This fatty deposit is treated with 0.01 ml. of 0.1 per cent aqueous 
iodine solution, and the process of decolourisation of the iodine solution is noted 
after one hour and three hours. Each experiment is repeated six times. The 
air spaces in cement or respiratory pores in chorion of the eggs arc studied by 
injection with cobalt naphthenate, the method recommended by Wigglesworth 
(1950) and Wigglesworth and Beament (1950). The 'transition temperature’ of 
Ihe eggs, i.e. the temperature at which the lipoid layer becomes markedly more 
permeable to water, has been determined with the technique adopted by Beament 
(1951) and Judge (1953). To determine the active or passive machanism of absorp- 
tion and retention of moisture within the eggs, one thousand ova, living eggs and 
those killed with hydrogen sulphide are separately desiccated for four hours in 
four replications at 30°C and 0 per cent relative humidity. The difference in 
weight of the eggs before and after desiccation gives the amount of water lost, 
The desiccated eggs are then brought to 75 per cent or 100 per cent R.H. to find 
out whether they can regain the lost water. 

The procedure for ovicidal experiments is after Beament (1948) and the tests 
are performed with water-soluble salts and salts both water- and lipoid-soluble. 
The eggs are gently forced into the ovicidal solution with a camel-hair brush 
because of the presence of air in respiratory pores. They are kept dipped for five 
minutes and then the excess of the solution from their surface is removed with 
pieces of filter paper. They are then kept in Rn incubator. Thirty eggs per test 
with six replications and along a control-set constitute a single experiment. 

Part I: Morphology op Eggs, Physical and Chemical Properties op 
Their Shell, Their Water and Oxygen Relations 

(a) Morphological mtes on the eggs 

A freshly laid egg of M. gelechiae (Fig. 1) is dirty white, has 3.5 microns thick 
shell and measures 0.607 by 0.187 mm. ; that of (7. cephalonica (Pig. 2) is opaque, 
has 6.8 microns thick shell and measures 0.683 by 0.373 mm. ; that of T. evanescens 
minutum (Fig. 5) as well as of T. pyrillae (Pig. 6) is transparent, has 1.2 micron 
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thick shell and measures 0*117 by 0.047 mm. and 0.233 by 0*07 mm. respectively; 
that of G. zonelhis^ (Fig. 3) is light yellowish, has 4.7 microns thick shell and 
measures 1.003 by 0.607 mm#; and that of P. perpusilla (Fig. 4) is whitish, giving 
reddish* to greenish hues, has 6.3 microns thick shell and measures 1.143 by 
0.66 mm. All those eggs have a micropyle at the anterior end. They get pro- 
portionately dal'kened with age due to the changes in the developing embryo ; the 
latter is somewhat discernible through the semitransparent shell. The egg-shell 
of Jkf. gelechiae, T. evane^cem minutum and T. pyrillae is quite smooth externally, 
whereas that of C. cephalonica, C. zonellua and P. perpmilla bears lines depicting 
the impressions of the boundaries of follicular cells of the ovary. This pattern 
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Fig. 1, Miorohracon gekchiae Ashxn. egg. 

Fig. 2, Corcyra cephalonka Staint egg. 

Fig. 3, ChUo zoneUus Zell. egg. 

Fig. 4, PyriUa perpusiOa Walk. egg. 

Fig. 6, Trichogramm evaneecene mnutum Riley egg. 

Fig. 6, Te^rastichue pyriUa^ Craw, egg. 

Fig. 7, Diagramatio sketch of transverse section through portion of an egg, depicting 
fundamental layers. C : Cement, CH ; Chorion, END.CH ; Endochorion, 
EX.CH : Exoohorion, L : Lipoid layer, R.P ; Respiratory pore, S : Serosa, Y : Yolk. 


which is composed of non-resistant exochorion, is very mild and honey-combed 
type on the egg of P. petjmwTto, but it is quite prominent and zig-zag on that o* 
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C. zonelluB and C, cephalonica. Further in the latter insect those lines are com- 
paratively thicker at the anterior end in a little area round the micropyle, and this 
area when seen from above seems to give the appearance of a sieve-cap lying on 
top of the egg. Moreover the egg of P. perpusilla is slightly flattened dorrib-ven- 
trally. There is a small knob at its each end, the anterior one being larger than 
the posterior. The former and the latter measure 0.036 by 0.05 mm. and 0.02 by 
0.033 mm. respectively. The micropylar canal traverses through the anterior 
knob and opens on the tip. The posterior knob is a solid structure. 

(b) Construction of the shell membranes 

The chorion of the eggs of Jf. gelechiae, C. cephalonica, C, zonellus and P. per"* 
pttsilla consists of two layers : an external proteinaceous coating, the exochorion 
and an internal layer of tanned protein, the endochorion (Fig. 7). Internally the 
lipoid layer of oily material is situated between the chorion and vitelline membrane, 
and the latter is afterwards transformed into serosa (Fig. 7), and then into 
epembryonic membrane, containing a little quantity of lipoid, and is ultimately 
reabsorbed before hatching. On the outer surface of the egg is spread by the 
female with a cement (Fig. 7), a proteinaceous secretion of the accessory gland, 
which in the eggs of M. gelechiae and (7. cephalonica dries up quickly ; whereas in 
C. zonellus aijd P. perpusilla it fixes the shell firmly to the leaf surface. Moreover 
in the latter it appears to be firmly held by the stalks of the anterior and posterior 
knobs. 

The chorion of the egg of T. evamscens minutum. and P. pyrillae consists of 
only a single layer of non-resistant proteinaceous material. T^erc is a complete 
absence of internal lipoid layer. The vitelline membrane as usual is transformed 
into serosa and then epembryonic membrane, which is devoid of the traces of 
lipoid and is reabsorbed before hatching. It is difficult to say whether the external 
cement layer (the usual lubricating layer of Hymenopterous eggs) is present or 
absent on these eggs ; as the fully formed ova which are always devoid of the cement 
could not be obtained by dissecting such small insects and studied along side with 
the eggs. It is also not possible to dissect out the lubricating glands of these 
small insects even if they are present. 


(1) The cement layer 

The cement on outer surface of egg-shell of 3f. gelechiae is not present in 
sufficient quantity to facilitate chemical and physical tests. Most of the work 
has therefore been done on the paste-like contents of the cement gland (called the 
lubricating gland in this insect) of the female. On exposing a thin layer of this 
material to air, it gets transformed to a substance behaving in every way like the 
layer on the shell, which indicates that no chemical addition is made at the time 
of oviposition. It is a cement of non-adhesive type and loses only a little quantity 
of water on exposure to air, but gives off the entire water on desiccation and 
simultaneously its protein gets denatured. When the dried cement is brought 
back to saturated relative humidity it regains the lost water, but it does not 
become paste-like again. It is hygroscopic to some extent and consequently 
maintains a higher concentration of moisture outside the shell, thereby preventing 
the latter from too much drying. The contents of the gland cannot be diluted 
with water after they arc exposed to air. It could be assumed from this that some 
denaturation of cement-protein has taken place by its drying in air. This process 
is apparently speeded up by the chemical denaturants like ethylalcohol or phos- 
phomolybdic acid, but not by pure oxygen alone. In the gland the paste-like 
fluid having a pH of 7.6 consists of a colourless matrix containing a large number 
of irregular granules of dirty white colour and lipoid globules. When exposed 
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to air it sets into a layer; the minute granules, the fluid and the lipoid globules 
get mixed up and unite in such a way as to assume the appearance of a membrane. 
The process of denaturation affects the fluid part greatly which binds the other 
constituents. The lipoid globules in the cement layer do not acquire a uniform 
disposition, Avith the result that some« simees are left which are devoid of the 
lipoid material. The cement does not prevent the solutions of water- and oil- 
soluble stains from reaching the chorion surface, provided they could wet the 
outer surface of the egg. It may also bo mentioned that the presence of lipoid 
material in the cement also helps in lubricating the oviduct and the ovipositor of 
the female, thus facilitating an easy passage of eggs tlirough them. That is why 
the cement in such insects is referred to as lubricating material and the gland 
secreting it as the lubricating gland. 

The staining reactions with fuchsin, orange-G, safranin as well as tests like 
xanthoproteic and ninhydrin have shown that the matrix and granules of the 
cement are acidophillic protein. The presence of a little reducing substance in 
these is indicated by argentaffin test. The cement, not only reduces osniic acid, 
but also gets stained with sudan fat stains. Corrosive substances such as strong 
nitric acid or sodium hypochlorite break down the cement, releasing oily droplets 
and thus indicating it to be formed of lipoprotein. But solvents like chloroform 
and ether can remove the lipoid component of the cement and the extracted 
material gives a strong reducing action. It is therefore obvious that it is an un- 
saturated lipoid, not chemically bound to the protein component. It docs not 
contain any water-soluble reducing material attached to a protein. This cement 
is attacked by strong formic acid and sulphuric acid, a characteristic not common 
to most insect shell components. The treatment with lipoid solvents does not 
produce any marked visual change in the cement, but it becomes a little brittle 
on drying and shows much stronger colouring with aqueous stains. The removal 
of lipoid from it afPechs somewhat its water retentive power. The lipoid therefore 
is of considerable importance in maintaining a balance in the moisture content 
of the cement and the surrounding air. 

The other gland associated with the sexual organs in a female M. gelechiae 
is the ^poison gland’. Its proteinaceous secretion is markedly acidic with pH 
4.0 and contains a small quantity of unsaturated lipoid. The globular cells around 
the poison duct also secrete an unsaturated lipoid which is employed in lubricating 
the inner passage of the ovipositor prior to stinging the host. The secretions of 
the globular cells, the main poison gland and the lubricating gland soften the 
chorion only to a little extent. 

A similar series of tests have been performed on the contents of the cement 
glands (accessory glands) of the females of (7, cephalonica, (7. zonellus and P. per- 
pusilla. The chemical constituents of the cement from these insects are the same 
as those of the cement of M. gelechiae. The cement from C. cephalonica contains 
less lipoid than that of M. gelechiae, but it resembles the latter in physical pro- 
perties. The cement from (7. zonellus and P. perpusilla has air spaces in its sub- 
stance like a sponge and is highly adhesive. It also contains less lipoid than that 
of M. gelechiae. The cement from all these insects does not contain any water- 
soluble reducing substance. Moreover the waxy covering on a batch of eggs of 
P. perpusilla helps them to resist desiccation and penetration with solutions of 
aqueous materials. 

(2) The chorion 

The chorion of a fully formed ovum and of a newly laid egg of M. gelechiae 
is soft and plastic. It remains so if it is kept in contact with moisture, but when 
exposed to low humidity or heated to 40T there appears some irreversible hardep- 
jng in it ; and this takes place in nature by normal exposure to atmosphere. The 
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pliability of chorion is related to its water-content and is not altered by extraction 
with chloroform. Chorion is composed of two layers, a comparatively thick 
exochorion and a thin endochorion (Fig. 7), which cannot he separated mechanically 
or chemically. Both these layers are made of minute particles embedded in 
matrix. Chorion is perforated by small pqres (Fig. 7) scattered all over it . The 
blocking of these pores by the application of heavy petroleum oil, such as petro- 
leum jelly, liquid paraffin, etc. on the surface of chorion actually kills the develop, 
ing embryo % suffocation, thus indicating that these are respiratory pores. A 
study of the different stages of ovum in ovariole tube indicates that the chorion is 
deposited by the follicular cells. 

Both the parts of chorion are basically formed of protein as is evident from 
staining reactions with orange-G, safranin, fuchsin, picric acid, iodine as well as 
from tlic xanthoproteic and ninhydrin tests. They do not colour with sudan fat 
stains or osmic acid. The fatty droplets are not liberated when those are acted 
upon by strong acids, etc.; and there is no intensification of staining reactions after 
these are extracted with chloroform. Thus, no free or chemically bound lipoid 
exists in them. They give argentaffin and p-benzoquinone reactions, but these 
are more pronounced in endochorion than those in exochorion, and more so in the 
granular parts of these layers than in the matrix. Thus they appear to be partially 
quinone tanned protein. Moreover, the exochorion dissolves more readily in 
strong acid, and is therefore regarded as less cross-linked. Strcuig niiric acid breaks 
down the chorion in cold, releasing the small particles which evenlually are dis- 
solved within a few hours. When slowly acting metarial, such as dilute mineral 
acids, strong ammonia. ur('a, strong formic acid, pepsin and trichloj’-a(!etic acid 
are used they produce no effi'ct on either layer. 1 rypsin on the other hand digests 
the exochorion only. This therefore confirms the suggestion that the endochorion 
is of tanned substance', whereas the exochorion is free from such bonds. A solution 
of lithium iodide or •sodium thioglycolate docs not materially affect the resistance 
of chorion to solution and therefore it appears unlikely that sulphur bonds play any 
substantial part in their construction. Both the layers of chorion do not prevent 
quite big molecules of the stains from penetrating into the interior of the egg, since 
they colour with wat(*r-soluble stains even when the entin^ egg is dipped in the 
solution, ami since' the developing embryo gets stained even though both the layers 
remain uucoloured when the entire lot is immersed in oil-soluble stains. The 
cxochorion does not undergo any change after the egg is laid, but the tanned 
endochorion of ova inside the female is readily soluble in strong ammonia and 
10 per cent potassium hydroxide. It seems that much of the tanning of the 
endochorion goes on subsequent to fertilisation, but is completed within a few 
hours of embryonic development. The embryo has nothing to do with it, as the 
tanning proc(5SS of endochorion is completed even in an ovum after removal from 
the ovary and incubated under similar conditions. Tims the excess tanning 
material probably already present in the endochorion continues its action even 
after the eggs are laid. 

A similar study of the exo- and.endo-chorion of the eggs of C. cephalonica, 
(7. zondlus and P. perpusilla indicates that the chemical nature resembles that of 
M, gelechine. Like the latter the respiratory pores traversing the chorion are 
scattered in the eggs of P. perpusilla, whereas these fwe concentrated to some extent 
near the anterior end of the eggs of 0. cepJmlonica and C, zonellm. In the eggs 
of P. evanescens minutum and P. pyrillae, the chorion is very tliin and resembles 
to some extent physically and chemically the exochorion of M. gdechiae, except 
that it does not seem to have any phenolic tanning material and the respiratory 
pores are absent. It is just possible that these differences might be due to the 
fact that those eggs are never exposed to atmospheric conditions and they remain 
oihbedded in the tissue of host eggs after they are laid. 
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(3) The lipoid layer 

The lipoid layer in an egg of Jf. gekchiae lies between the endochorion and 
the opter embryonic layer (Fig. 7). It is present on a small scale in ova but 
definitely in the oviposited eggs. This substance is a freely mobile material. 
After extraction with chloroform, the cfily residue blackens deeply with osmic acid, 
and decolourises iodine solution. It is obviously an unsaturated material. It 
may be mentioned here that the lipoid from ova or the newly laid eggs decolourises 
the iodine solution more quickly than that obtained from the eggs in an advanced 
stage of development (Table I). This indicates that the ova and freshly laid eggs 
contain more unsaturated lipoid-material than the eggs of advanced stages; and 
during the course of development the embryo produces some effect on it (may be 
catalytic oxidation) and some of its oily material is altered to saturated oil. But 
this process of oxidation needs assistance of the developing embryo and does not 


Table I 

Decolourisaiiwh of iodine solution by the fatty material from the Upoiddayer of eggs of the following 

insects 


M, gdechiae C* cephalonica C. zonellus P. perpusilla 

abcdef abcdef abcdef ab*cdef 


Unsaturated lipoid decolo- 
urising iodine solution 

after (Hours) 1 1 1 3 3 3 1 1 1 3 3 3 111 3 3 3 1 1 1 3 3 3 

Inference : — The delay in decolourisation of iodine solution indicates that some of the unsaturated 
fatty material of the lipoid layer has been altered to saturated stale. 

Note : — Fatty material from the lipoid layer of : 

a. Ova fully formed. 

b. Eggs freshly laid. 

o. Ova fully formed but these have been earlier incubated at 30'^C and 100 per- 
cent K.H. for the period equivalent to half incubation period of a normal egg. 
*c. As in ‘o’ excepting that ova incubated for the period equivalent to about 
quarter incubation period of a normal egg. 
d. Eggs in mid -development, 
o. Eggs about to hatch, 
f. Egg-shell after hatching. 


appear to take place of its own accord, as there is no difference in the dccolourisa- 
tion of iodine solution with the lipoid taken from the ova incubated for half the 
incubation period of the normal eggs, from that of the lipoid taken from the fresh 
ova. Since it is extremely difiicult to obtain this lipoid in large quantity to under- 
take detailed chemical analysis, the investigation on this aspect will be taken up 
some time later. This uusaturated lipoid giving water-proofing to eggs of M. 
gelechiae is unique so far as our present knowledge of apparently water-proofing 
lipoid substances of the cuticle is concerned. The lipoid layer gives chief obstruc- 
tion to the penetration of only water-soluble materials into the egg and not of the 
oil-soluble substances. This point is further confirmed beyond doubt by experi- 
menting with phosphoric acid containing the radioactive phosphorus, The 
eggs, which are not given prior treatment with ether or chloroform and are 
immersed only for 6 minutes in the solution of phosphoric acid, do not show any 
radioactivity, but those eggs which are immersed for 60 minutes show radioactivity 
in the shell as well as in the inner contents. This is probably due to the fact that 
phosphoric acid which is only slightly soluble in oil-solvent like ether fails to 
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penetrate into the eggs with 5 minutes’ immersion, whereas it enters the eggs that 
remain dipped for an hour. On the other hand the contents of the eggs whose 
lipoid layer has been treated earlier with petroleum-ether or chloroform de show 
radioactivity whether the eggs are immersed in the phosphoric acid solution for 
5 minutes or for an hour. This indicates* that ether or chloroform treatment of 
the eggs by dislodging the lipoid layer facilitates the entry of highly water- 
soluble phosphoric acid. Thus the lipoid layer provides a barrier to the penetration 
into the eggs of water-soluble materials which are only slightly soluble in oil- 
solvent when the immersion is of short duration, whereas in longer immersions the 
little solubility of such materials in lipoid-solvent helps appreciably the process 
of penetration. 

The formation of the lipoid layer commences in the follicular tube. Ova in 
different stages of growth are stained with Sudan fat stains. It is noticed that 
the lipoid is only concentrated in the substance of the growing ovum, whereas it 
is present in traces in follicular cells. The lipoid appears to be deposited by ovum 
on the surface of vitelline membrane, whereas the chorion is formed on it simul- 
taneously by the follicular cells. The chorion at no time is found to contain any 
oily material. Sometimes the formation of the lipoid layer is not completed in 
an (jvuni and it is completed within an hour or so after the oviposition. The 
aqueous slain in solution penetrates quite easily into the freshly laid eggs in which 
the lipoid layer is incomplete, whereas in those eggs in which it is already com- 
plete the penetration of such materials does not take place. The fertilisation of 
ovum has nothing to do with the completion of the lipoid layer, as it is even com- 
pleted in ova separated from the ovary and incubated under similar conditions. 
The transition temperature varies between r)0°C and 00°C and it is not particularly 
sharp. It is variable in different eggs. However, there is some increase in it as 
the egg advances in age. This rise in transition temperature may be due to the 
conversion of some of the unsaturated lipoid to saturated state, and also may be 
due to some loss of the more volatile component from the layer. But both these 
suggestions need further investigation. 

In eggs of 0, cephalonica, C. zovellus and P. perpumlla the lipoid layer internal 
to the chorion is also formed of freely mobile unsaturated oily material, which is 
deposited by the ovum before the eggs are laid. As in the eggs of M. gehchiac, 
some of its unsaturated oil gets converted into saturated oily substance in the 
advanced stages of eggs by the developing embryo (evident from iodine decolouri- 
sation experiments. Table I). This j)henomcnon also exists in the eggs of P. brassi- 
cae re-examiiied now. The transition temperature of these eggs is not sharp and falls 
between 60"C to TO'^C. It comes nearer to the upper limit as the eggs grow older, 
as is the case in the eggKS of M. gelechiae. The experiments with the dyes have 
shown that in these eggs also the lipoid layer is a potential barrier to the penetra- 
tion of water-soluble materials. The tests with phosphoric acid containing radio- 
active phosphorus, have indicated that the water-soluble substances having 
a little oil-solubility can penetrate the eggs with longer immersions. In eggs of 
7\ evanescens minuium and T. pyrillae the lipoid layer is absent, and therefore 
solutions of water-soluble materials can easily penetrate the shell to reach the 
embryo. It is just possible that since these eggs remain immersed in the fluid 
of host eggs, there is no need for any water-proofing in them. The solutions of 
oil-soluble substances also easily enter these eggs. 

(c) Embryonic covering 

It is worthwhile to probe into the nature of extra-embryonic membrane 
interior to the lipoid layer so as to find out whether any changes in it are running 
parallel with changes in the ovicidal resistance of the eggs. The ovum of M, gele. 
chiae, C. cephalonica, C. zonellus and P. perpmilla is surrounded by vitelline mem. 
brane, which changes into fertilisation membrane in a fertilised egg. It i 
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proteinaceous and is devoid of lipoid in any form either &ee or chemically bound. 
It is readily permeable to water-soluble and oil-soluble materials in solution. 
Some time after oviposition it is progressively replaced by serosa (Fig. 7) and then 
by epembryonic membrane, when it becomes a little more resistant to the action 
of corrosive substances such as strong hydrochloric acid, 10 per cent potassium 
hydroxide, or 6-7 per cent sodium hypochlorite in cold, than the vitelline or 
fertilisation membranes. Even at this time it is quickly soluble in strong nitric 
acid ; and is permeable Jio some extent to water-soluble and oil-soluble substances. 
Its chemical nature is somewhat similar to that of exochorion, except that it is less 
resistant to the corrosive substances than the latter, contains a little unsaturated 
lipoid, but does not contain any tanning material. Thus at this stage it forms 
to some extent a secondary water-proofing mechanism. A re-examination of 
this membrane of P. braasicae now has indicated that it also contains a little 
quantity of unsaturated lipoid which escaped detection earlier. Moreover, when 
the larva is about to hatch the resistance of this membrane diminishes, probably 
due to the softening caused by some chemical action from the living material ; it, 
however, does not revert completely to the properties of the original vitelline or 
fertilisation membranes. 

To explain the changes in the resistance of epembryonic membrane with 
age, the effect of pre-treatment of eggs of these insects with trichloracetic acid, 
and sodium thioglycolate on the action of trypsin has been studied. In the freshly 
laid eggs and those near hatching the membrane is soluble in cold trichloracetic 
acid, whereas it is insoluble in it in the intervening stages of development, thus 
showing the preparation for hatching carried out on the membrane by the embryo. 
Similarly, trypsin at pH 8.6-8.8 and 37°C disintegrates the early and late membrane, 
but not in the intervening period. When the membrane in the more resistant 
stage is treated first with sodium thioglycolate at 30®C and pH 12, it is not dis- 
solved, but following this treatment it is readily broken down by both trypsin 
and trichloracetic acid. Similarly concentrated lithium iodide solution 
makes the membrane of the resistant stage slowly soluble in trichloracetic acid, 
and not-dlsintegrable in trypsin. In view of this the actual chemical linkage in 
this membrane may be a form of thioquinone. The rate of changes in its resis- 
tance is inversely proportional to the incubation period of the eggs. But owing 
to the small size of these eggs and the minuteness of the material under study it 
has not been possible to undertake detailed chemical analysis which could settle 
this point. 

In the unfertilised eggs the vitelline membrane is applied closely and quite 
securely to the upper lip of the micropyle. The lipoid layer is not therefore com- 
plete round the ovum, and sperm can enter from micropyle directly into the surface 
of the vitelline membrane. The lipoid layer in these eggs is completed round the 
micropylar end immediately after fertilisation and before oviposition, consequently 
the deposited eggs are quite resistant to the penetration of water-soluble materials 
and to water-loss. The completion of the lipoid layer at micropylar end may be 
due to a slight shrinkage of the egg-cell leading to the breakage of the junction 
between micropyle and vitelline membrane and flowing of the lipoid across to 
seal the micropyle. In the few eggs of M. gelechiae having incomplete lipoid layer 
for some time after oviposition, the resistance to penetration of water-soluble 
substances is somewhat feeble at that time. 

The epembryonic membrane of the eggs of T. evanescens minvtvm and 
T. pyrittae, like their shell behaves like ordinary denatured protein. It is devoid 
of lipoid and is reabsorbed before hatching. 

(d) Water rdatUme of the eggs 

The e^ and newly hatched larvae of M. gekehiae contain about 90 per cent 
and 88 per cent water by weight respectively. The amount of moisture in cement 
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layer could not be quantitatively determined, as it is applied just like a varnish 
on egg’s surface. The cement being hygroscopic provides moist surroundings 
to the chorion. The unfertilised eggs (mature ova) lose water rapidly on desicca- 
tion (Table II) and their rate of water-loss during four hours’ desiccation is 6 per 
cent by weight per hour, whereas that of the fertilised eggs only about 1 to 1.6 per 
cent. There is no significant difference between the rates of loss of normal eggs 
and ova under the similar conditions as compared with those killed with hydrogen 
sulphide prior to desiccation. It appears, therefore, that death does not produce 


Table n 

Percentage has of water in dry air at 30®C from living eggs and ova, or those kiUed 
by fwmgcUion with hydrogen sulphide for half an hour 


Age of eggs 
(Hours) 

Alive 

Dead 

In 4 
hours 

% rate 
per hour 

In 4 
hours 

%rate 
per hour 

1-2 

6.2 

1.65 

6.6 

1.66 

4 

4.1 

1.02 

3.9 

0.97 

8 

4.5 

1.12 

4.2 

1.06 

12 

4.2 

1.06 

4.1 

1.02 

24 

5.9 

1.47 

6.2 

1.66 

Mature ova from ovary 20 . 1 

6.02 

20.3 

5.07 


any ‘break down’ in the water-proofing mechanism of the eggs. But the process 
of fertilisation and after oviposition the subsequent stages up to mid-development 
are accompanied by some irreversible improvement in water-proofing. The latter 
may be correlated to the completion of the lipoid layer in those eggs in which it 
has not been completed within the ovary on the one hand, and to the conversion 
of some of the unsaturated lipoid of this layer to saturated state as well as to the 
deposition of some oily material in the epembryonio membrane with development 
on the other. Prior to hatching the water-proof nature reverts back to some 
extent to the state which is seen in fresly laid eggs, and it is correlated to the dis- 
integration and reabsorption of the membrane by the embryo at this time. More- 
over if the living or dead eggs desiccated in different stages of development are 
kept at 75 per cent or 100 per cent relative humidity they do not regain the lost 
water, indicating that there does not exist any active or passive mechanism for water 
absorption. 

In T, evaimcens minutum and T. pyrUlae the eggs after removal from the host 
eggs do not survive desiccation even at 76 per cent R.H. and this is due to the 
absence of water-proofing lipoid layer. 

The eggs and newly hatched larvae of C, cephahnica, C, zoneUus and P. per- 
puailla contain about 86 per cent and 82 per cent water by weight respectively. 
The cement accounts for nearly 2 per cent of the total weight of a freshly laid egg 
of the first and nearly 9 per cent of that of a newly laid egg of the last two 
insects. The living or dead eggs of these insects in different stages of development, 
if desiccated and later brought to 76 to 100 per cent R.H. absorb a quantity of 
water which can only be accounted for by the absorption with the cement, indicat- 
ing that even in these eggs there is no other active or passive mechanism for the 
absorption of moisture. Moreover in these eggs also there is some improvement 
m the water-proofed nature in the mid-development age, which disappears 
jprior to hatching. 
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(o) Oxygen relations of the eggs 

Dipping for about six hours in water or even up to 1 2 hours is not- fatal to the 
eggs, A^hich indicates that this docs not interfere in their respiration. If they are 
kept immersed for a long period they (lie because of restriction in oxygen supply. 
They could complete development under water if the latter is kept aerated with 
air or even oxygen or if 5 A^olumes of hydrogen peroxide ai’c mixed with 95 of water ; 
but most of the larvae die soon after hatching. The aqueous solutions of a wetting 
agent (Teepol) is lethal as compared with similar volumes of distilled wattir if the 
eggs are dipped for a long period. It cannot be imagined that oxygen diffusion 
through either of them differs, but the solution of wetting agent slowly dislplaces 
air from the respiratory pores which might be acting as a physical-gill in the 
immersed eggs. Even the lethal effect of the obstruction of respiratory pores by 
short immersion in heavy petroleum-oil can be eliminated by removing it from 
the surface of the eggs with petroleum -ether. Thus there is a need for the res- 
piratory pores to remain open for the normal devidopment of tlu' eggs. The eggs 
of C. cephalonica, C. zonellus and P. pe.rpmilla could complete development in an 
atmosphere containing more than 50 per cent oxygen, whereas those of M. gelechiae 
fail to do so at such a high concentration of oxygen. 


Part II : Ovicidal Experiments 

The experiments given herein arc only intended to give an idea about the types 
of poisons which can penetrate through egg-envelopes and destroy the developing 
embryo, and to indicate whether the parasitic-egg developing within the host-egg 
could be saved from such poisons or not. 

(a) Water-soluble salts of hemy metals 

The chlorides and acetates of cobalt, copper, nickel and manganese used in 
concentrations of 1 per cent in water do not produce any harmful effect on eggs 
of M, gelechiae^ P. perpusilla, CJ, cephxilonica and 0. zonellus. Tlio mortality of 
larvae during hatching or some time afterwards is quite common in tln^ latter two 
insects, which is due to the action of poisonous materials they consume when they 
eat a portion of the shell for hatching. There are hardly any post-hatching casual- 
ties in the former two insects, as they do not consume the poison from tlu^ shell 
since they only pierce their way through for hatching. These substance»s do not 
become any more efficient either when the eggs are immersed for 5 minutes following 
evacuation of air from the respiratory pores and forcing the liquid into them, or 
when they are used in combination with a wetting agent (1 per cent Teepol). It 
appears that these purely water-soluble chemicals with no oil-solubility, which 
are potentially very toxic, are not able to cross the barrier of the lipoid layer and 
reach the embryo. These water-soluble poisons have also failed to kill the eggs 
of evanescens minutum and T. pyrillae developing in their respective host-eggs. 
The parasitic eggs are permeable to water-soluble substances due to the absence 
of lipoid layer in them; but the protection they got while they are within the host- 
eggs is due to the latter possessing a non-permeable inner lipoid layer. 

The freshly laid eggs of M, gelechiae, P. perpusilla, C. cephalonica and C. zone- 
llus are a little more susceptible, especially when the wetting agent is mixed with 
the solution and the immersion period is raised to six hours (Table III). The 
wetting agent even alone when used for such a long duration does cause some harm 
to these eggs as well as to endo-parasitic eggs present within them. This is pro- 
bably due to the fact that in longer immersions the small quantity of the wetting 
agent taken up by the chorion of the host-eggs remains in contact with their lipoid 
Jayer for longer time and causes some disruption in it; but even in such conditions 
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the entire lipoid layer is not disintegrated. Moreover solutions of glucose and 
sodium chloride (potentially harmless materials) of the same concentrations as 
well as of the concentrations chemically equivalent to those of the solutions of 
the chemicals used in the ovioidal tests, do not have any detrimental effect on the 
eggs. This indicates that these concentrations of the chemicals .in solution do 
not cause an adversf^ effect on the eggs through exosmosis during the dipping 


Table III 


Percentage kill of freshly laid eggs following immersion for six hours in 1 % aqueous solutions 

of the chemicals 

' T.evanescens 

With minutum T.pyrillae 

or M. P. C. 0. epfgs parasi- eggs parasi- 

ClioniicaJs without gele- perpu- cepha- zone> tising eggs tisiiig eggs 

1 % chine siUa lonica llus of C.cepha- of P, perpu- 

Toepol lonica silla 

Cobalt 

a 

50 

58 

60 

58 

60 

59 

acetate 

b 

9 

8 

10 

8 

10 

9 

Cobalt 

a 

59 

58 

58 

56 

59 

60 

chloride 

b 

9 

8 

8 

6 

9 

10 

Cupric 

a 

90 

86 

82 

84 

86 

82 

acetate 

b 

20 

18 

16 

17 

18 

16 

Cupric 

a 

60 

56 

58 

57 

59 

56 

Chloride 

b 

10 

6 

8 

7 

9 

6 

Nickel 

a 

70 

68 

69 

68 

67 

68 

acetate 

b 

10 

8 

9 

8 

7 

8 

Nickel 

a 

69 

69 

68 

67 

69 

68 

chloride 

b 

9 

9 

8 

7 

9 

8 

Manganese 

a 

58 

56 

56 

58 

59 

59 

acetate 

b 

8 

6 

6 

8 

9 

9 

Manganese 

a 

60 

58 

57 

59 

58 

60 

chloride 

1) 

10 

8 

7 

9 

8 

10 

Glucose 

a 

42 

37 

40 

37 

38 

40 

1% 

b 

9 

6 

10 

7 

8 

10 

Glucose 

a 

39 

34 

38 

36 

40 

36 

1.2% 

b 

8 

8 

9 

6 

9 

6 

Sodium 

a 

37 

39 

36 

36 

40 

39 

chloride 1% 

b 

10 

6 

6 

8 

8 

8 

Sodium 

a 

38 

38 

40 

38 

39 

36 

chloride 0.36% b 

9 

7 

7 

6 

10 

10 

Teopol only 1% 

40 

36 

39 

38 

38 

36 

Water only 


3 

2 

3 

2 

2 

4 

No treatment 

2 

3 

3 

2 

0 

0 

Note : — a. With Teepol. 




b. Without Teepol. 



jf)erio(L Further copper acetate under similar conditions is more toxic to the eggs 
as well as to those of the internal parasites within them than copper chloride or 
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acetates and chlorides of the other elements; and this is probably due to the pro- 
perty of copper acetate being slightly soluble in lipoid-solvent (like ether), whereas 
the other salts are insoluble. 

(b) Chemicals— havirig oil-- and ivatersoPubility 

A few experiments on eggs of these insects have been conducted to compare 
the toxicity of aqueous solutions of mercuric chloride, bromide and nitrate, lithium 
chloride, arsenic trichloride (water- and lipoid-soluble compounds) and mercuric 
acetate (water-soluble compound). The results (Table IV) indicate that mercuric 


Table IV 

Percentage kill of eggs following immersion for 6 minutes »n 0.6% aqueous solutions of the 

chemicals 


Stage 

Chemioals of 

eggs 

M. 

gele- 

chiae 

P. 

petpu- 

silla 

0. 

eepha^ 

Imica 

C. 

zone- 

Uus 

T.emnescerw 
minut/um 
eggs parasi> 
tising eggs 
of C.cepha- 
loniea 

T.pyriUae 
eggs parasi- 
tising eggs 
of P.perpu- 
siUa 

Merourio 

a 

100 

100 

100 

100 

100 

100 

chloride 

b 

91 

89 

87 

90 

88 

91 


c 

97 

95 

93 

96 

94 

97 

Mercuric 

a 

100 

100 

100 

100 

100 

100 

bromide 

b 

87 

84 

83 

86 

96 

95 


c 

93 

90 

89 

92 

100 

100 

Mercuric 

a 

90 

88 

85 

87 

92 

91 

nitrate 

b 

61 

67 

59 

58 

60 

56 


0 

79 

77 

74 

76 

81 

80 

Arsenic 

a 

100 

100 

100 

100 

100 

100 

trichloride 

b 

85 

86 

83 

84 

87 

85 


c 

91 

92 

89 

90 

93 

91 

Mercuric 

a 

10 

8 

7 

9 

10 

11 

acetate 

b 

12 

10 

8 

11 

9 

10 


c 

10 

11 

10 

8 

9 

11 

Arsenic 

a 

7 

9 

8 

6 

7 

8 

trioxide, 

b 

8 

8 

7 

9 

7 

9 

pH 6-7 

c 

7 

7 

8 

9 

8 

9 

Arsenic tri- 

a 

100 

100 

100 

100 

100 

100 

ozide, pH 10 

b 

89 

90 

88 

88 

87 

89 

or more 

0 

95 

96 

94 

93 

94 

95 

Lithium 

a 

6 

7 

7 

8 

6 

7 

chloride 

b 

7 

8 

6 

8 

7 

8 


0 

6 

7 

7 

6 

8 

9 


a 

7 

8 

6 

9 

8 

7 

Water only 

b 

9 

7 

9 

8 

7 

8 

c 

8 

7 

6 

9 

8 

7 


a 

6 

7 

7 

8 

6 

6 

No treatment 

b 

7 

8 

8 

9 

7 

7 


0 

6 

6 

7 

8 

7 

9 


Noie Eggs fireahly laid# Eggs in mid-devdi^ent. o» Eggs about to hatch. 
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chloride, bromide and arsenic trichloride are highly toxic to the eggs of all the 
insects as well as to the parasitic eggs found within the host-eggs, whereas mer- 
curic nitrate is a little less toxic. I^e freshly laid eggs and those about to, hatch 
are slightly more susceptible than the eggs in mid-development. The lithium 
chloride does not appear to be toxic to the eggs. Moreover, arsenic trioxide (a 
purely water-soluble salt) at pH 10 or more seems to kill the eggsi whereas it is 
non- toxic at 6 to 7 pH ; this might be due to the fact that the higher pH probably 
produces some effect on the chorion and the lipoid layer of the eggs and thereby 
facilitates the penetration of the chemical. 


(c) Fumigation of eggs 

Hydrogen cyanide at atmospheric pressure penetrates more slowly in the eggs 
in mid-development than in freshly laid eggs or those about to hatch. Hydrogen 
sulphide is equally fatal at all stages of egg-development and has a quick action. 
All stages of the eggs are equally susceptible to mercury vapour, but in this case 
a little longer exposure is necessary. 


Discussion 

The study of structure and chemical composition of the shell consisting of 
cement, chorion and lipoid, and embryonic membranes of eggs of M. gelechiae, 
C. cepTwXonica, C. zoneUus and P. perpusUla as well as the information from the 
ovicidal experiments indicate a similarity in fundamentals with the results 
obtained from eggs of P. brasskae by Beament and Rattan Lai (1957), but some 
interesting variations are also evident. The external waxy covering which is 
only present on the batches of eggs of P. perpusUla gives them an additional 
advantage in resisting desiccation and penetration with solutions of aqueous 
materials. The proteinaceous cement of the eggs of all these insects resembles 
that of a mite, Metatetranychus vlmi Koch. (Beament, 1951) and P. brassicae in 
having only a physical mixture of unsaturated lipoid with its substance. It 
differs from that of P. brassicae in not containing any water-soluble reducing 
material linked to a protein. The cement of M. gelechiae like that of Diataraxia 
oleracea Linn. (Salkeld and Potter, 1953) contains more lipoid than that found 
in the cement of the other insects. The cement is non-adhesive and devoid of air 
spaces in M. gelechiae and C. cephalonica, whereas in C. zonellus and P. perpusiUa 
it is adhesive and spongy like that of P. brassicae. It is not possible to say whether 
the cement layer is present or absent from the eggs of T. evanescens minutum and 
T. pyrUlae as it could not be studied. It may be pointed out here that the 
secretion of the globular cells of poison duct does not soften the chorion of eggs 
of M, gelechiae to the extent (i.e. l/20th of its diameter for facilitating their 
passage through that much size of ovipositor canal) visualised by Narayanan and 
Subba Rao (1^5). Even the secretions of the main poison gland and the lubricat- 
ing gland (cement gland) do not produce this effect. To decide this point one 
has to search for explanation elsewhere, especially either the mechanism of the 
ovipositor or something else which has escaped notice so far. 

The proteinaceous chorion of eggs of these insects and that of P. brmsicae 
consisting of non-resistant exoohorion and resistant endochorion is slightly different 
from that of D. oleracae in not having a layer corresponding to the thin exochorion 
of lipoprotein which covers the latter eggs. The respiratory pores in chorion of 
C. cephalonica and C. zonMus like the pores in that of D. oleracaea and P. brassicae 
are somewhat concentrated at the anterior end of the eggs ; whereas the pores are 
koattered all over the surface of the eggs of M. gelechiae and P. perpusiUa. Like the 
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shell of eggs of R, prolixus (Beament, 1946a, 1948), ticks Ixodes ricini L. and 
Orniihodorus movbaUi Murray (Lees and Beament, 1948), and P. brassicae, which 
is not water-proof, the chorion of all these insects is freely permeable to quite big 
molecules of hydrophilic and lipophilic stains and chemicals in solutions. The 
non-water-proof chorion of T, evanescms minuium and P. pyrillae differs from 
that of all the other insects in being very thin, consisting only of non-resistant 
protein, and is devoid of respiratory pores. 

Like eggs of P. brassicae there is a lipoid layer on the inner side of chorion of 
eggs of these insects, but it is absent from those of T. evanescens mimiium and 
P. pyrillae. It has also been demonstrated in eggs of Melanophis differentialis 
Thom, by Slifer (1937, 1946), R. prolixus by Beament (1946b), Locustaiia parda- 
Una Walk, by Matthee (1951), whereas it has escaped the notice of Roonwal (1954) 
and Sander (1956) in eggs of Schistocerca gregaria Forsk. and P. perpiisilla res- 
pectively. In Psylla rmli Schm. (Beament, unpublished work), P. brassicae and 
the insects studied now, the lipoid layer is formed of freely mobile fatty material 
and not a hard wax as has been earlier noticed in eggs of a mite M. ulmi (Beament, 
1951), R. prolixus and M, differentialis. The present investigation has shown that 
some of its unsaturated-lipoid is converted into saturated-lipoid by the developing 
embryo. This phenomenon has been observed now even in the eggs of P. brassicae 
which earlier escaped detection. Among the insects having lipoicl layer the transi- 
tion temperature of eggs of M. gelechiae lies between 50'^C and 60°C, whereas that 
of the other insects like P. brassicae varies from 60®C to 70°C. 

The resistance of embiyonic membranes of the insects under study to the 
action of corrosive chemicals is lower in the early and late development, when^as 
it is maximum in mid-development. The latter is, however, lower than its counter 
part in eggs of li. prolixus (Beament, 1949). The only difference which the 
epembryonic membrane has from that of P. brassicae is the incorporation of a little 
unsaturated-lipoid in it with age of the eggs, which serves to some extent as a 
secondary waterproofing mechanism. A re-examination of this membrane of 
P. brassicae now has indicated that as development advances it also incorporates 
a little quantity of unsaturated-lipoid which es(;aped detection eailier. Moreover 
Beament (1949) and Matthee (1951) have also reported the formation of a secon- 
dary waterproofing mechanism in developing eggs of R. 'prolixus and L. pardalina 
respectively. In both these oases the secondary wax material is secreted by 
serosal cells, impregnating the secondary egg-membrane in the former egg, and 
giving a continuous film l)otween the yellow and white cuticles in the latter egg. 
The epembryonic membrane of eggs of T. evanescens winutuin and T. pyrillae is 
free from lipoid. Further in eggs of the parasitic and the host insects it is ulti- 
mately reabsorbed by the developing larva sometimes before hatching. 

It may be inferred from the investigation that all layers of the endoparasitic 
eggs and only the cement and chorion of eggs of the other insects do not obstruct 
the penetration of hydrophilic or lipophilic chemicals. The lipoid layer of eggs 
of the other insects gives the main resistance to the entry of water-soluble materials 
alone, and the lipophilic substanc*es cross this barrier quite easily. In this respect 
the results corroborate the earlier findings on eggs of P. brassicae. The appearance 
of oily traces in the epembryonic membrane in mid-development as well as the 
conversion of some unsaturated-oil of the lipoid layer to saturated-state at this 
time may be correlated with comparatively increased resistance to desiccation and 
penetration of water-soluble poisons into the eggs. Such conditions are not 
expected to obstruct the penetration of lipophilic substances, but some resistance 
offered to them and to a fumigant like hydrogen cyanide by the eggs at this stage 
cannot be explained clearly at present. However, the suggestion of Salkeld and 
Potter (1963), indicating that this resistance may be due to the fully developed 
state of epembryonic membrane, seems quite reasonable. 
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Absteact 

The diploid chromosome number of Thelyphonua indicua is 44 with 42 autosomes €«id 
on XY pair of sex chromosomes. The number is at variance with that in the only other 
species, T, aepiaria, whose chromosomes are known. Another interesting difference lies in 
the sex chromosome mechanism which is of the XY type in the Indian species while an XO 
mechanism has been reported in T. aepiaria. The X in the present species is the largest 
chromosome in the whole series and Y the smallest. All chromosomes are acrocentric. 

While a great deal of knowledge has accumulated in recent years regarding 
the chromosomes of spiders, other Arachnida have not received the same atten- 
tion. Of these, the sub-order Uropygi, consisting of interesting and aberrant 
forms deserves special mention. It includes large forms of tropical and sub- 
tropical distribution. Only two genera have been studied, i.e. Thdyphonm sepiaris 
by Millot and Tuzet (1934) and Hypocionns formmtts by Warren (1939). But these 
accounts, and especially that by Millot and Tuzet, arc so defective and incom- 
plete, that it was felt that an Indian species, T, indicus^ would be worth examining. 
This examination has revealed a number of interesting points regarding the chro- 
mosomes and their behaviour, and generally the spermatogenesis, and a brief 
account is given here. 

Specimens of Thehyphonus indicus were collected during the monsoon months 
of June to September around Bangalore and the testes fixed in Bouin’s fluid, 
Carnoy’s mixture and Flemming with and without acetic acid. Sections of the 
material were cut and stained with Heidenhain’s haematoxylin and crystal-violet ; 
Feulgen squashes were also made. 

The test^es are paired convoluted tubes extending through the abdomen on 
either side of the ventral nerve cord. Each tube is oval in cross section and, when 
active, shows cells in practically all stages of spermatogenesis, the earlier stages 
being found in the periphery and the later ones, along with the sperms, in tlxe 
centre. A full study can therefore be made of the entire process. 

Spermatogonia occur as isolated cells in the periphery of the tubule and 
examination of their division stages reveals that the chromosome number in them 
is 44. Analysis of the chromosomes shows that (a) all chromosomes are acro- 
centric, (b) the sex complement consists of a pair of dissimilar chromosomes with 
X as the largest chromosome and Y the smallest. The sex chromosomes always 
appear to lie at the periphery of the gonial raetaphase plate. 

The spermatogonia pass through far fewer mitotic divisions than in most 
Arachnida ; perhaps 2 to 3 divisions alone occur. No evidence of any grouping 
of the descendents of the original spermatogonium to form cysts was seen, the 
various meiotic stages being distributed in a more or less haphazard manner in 
the tubule. A pronounced polarization of the chromosomes is seen, both in the 
leptotene as well as in the pachytene stages. 

Diakinesis reveals 22 bivalents, 21 formed of the autosomes and one of the 
XY pair. The latter can be easily recognized by their behaviour and movement 
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Fig. 1. — Metaphase plate of spermatogonium. x4500. 

Fig, 2. — ^Metaphase-l showing the bivalents. X4600. 

Fig. 3, — Segregation of the X and Y chromosomes, x 4600. 
F^. 4. — ^Metaphaae plate of second meiotio division, x 4600, 
Fig. 6^— Two spindles lying in a common cell matrix, x 4600. 
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on the spindle also. Both X and Y move toward the poles earlier than the auto- 
soraos and even there, X reaches its pole earlier than Y does its polo. 

One of the interesting features of spermatogenesis is the precocious feecond 
meiotic division. It has been noticed as a regular phenomenon that the two 
second division spindles lie in a single cell matrix. The two spindles as well as their 
components are clear and distinct but apparently there has not been a sufficient 
interval between the first meiotic division and the second, for the cytosome to 
divide and constitute the secondary spermatocytes. 

A closer examination reveals that there is practically no interphase between 
the two meiotic divisions and no sooner the first division is completed, than the 
two chromosome groups are incorporated into the two spindles of the second 
division. Sometimes the two spindles lie parallel in the cell matrix but often they 
lie without any special orientation. Apparently the second division is completed 
in this position and instances where the four spermatid nuclei are found in the 
same cytoplasmic matrix are quite common, the cytosomal division taking place 
soon after. But more often, the cytosomal division takes place slightly earlier, 
resulting in binucleate cells. In any case, this precocious second division does 
not scorn to affect spermatogenesis in aSiy manner, for sooner or later cytosomal 
division follows and uninucleate spermatids result. We have never found abnormal 
spermatids of any kind. Tripolar spindles are often encountered but they are 
probably abnormalities and do not lead to normal cells. During spermiogenesis 
the nucleus of the spermatid condenses. It later becomes bell shaped and spirally 
twisted to form the characteristic sperm head of the animal. 


Discussion 

Thdyphonus sepiaris and Hypoctonm formosus are the only species in the 
sub-order Uropygi (Arachnida) whose chromosomes have been studied so far. 
Millot and Tuzet (1934) described 24 chromosomes and one heterochromosome as 
making the haploid number in Thelyphonus sepiaris while Warren (1939) counted 
only 12 chromosomes in Hypoctomis formosus. In the latter species, according 
to the author, all chromosomes seem to fuse into a single large homogeneous ring 
at metaphase which splits transversely into two half loops at anaphase and later 
condense into oval masses moving to the two poles. It is difficult to understand 
this phenomenon in the light of modern views on chromosome structure and 
morphology and a clear evaluation of the significance of these findings must await 
a re-examination of the chromosomes of this organism by modern methods. The 
description of the chromosomes of Thelyphonus sepiaris is more easily understood 
but the aiithors (Millot and Tuzet, 1934) admit to the possibility of one or two 
errors in regard to their number. 

It is interesting that the number and behaviour of the cliromosomes in the 
Indian species of Thdyphonus should be so different from those of T, sepiaris. The 
diploid number here is 44 with two clearly defined and dissimilar sex chromosomes 
which have been identified as X and Y. The chromosomes are all acrocentric and 
distinct at all stages and do not show the fusion described for Hypoctonus formosus 
by Warren (1939). 

This is the first account of XY type of sex chromosome mechanism in the 
Uropygi. The account by Millot and Tuzet would lead one to believe that it is 
of the XO type in their species of Thelyphonus while in Sarax saratvakensis 
(Amblypygi), the same authors describe an XO mechanism. It is too early to 
assess the significance of this difference and until we have information on more 
species of this sub-order, any general conclusions regarding the evolution of chro* 
niosomes within the group would be premature. 
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Abstract 

In the present study two strains of U, hobsoni have been distinguished : the binucleate 
form infecting Jaaminum grandiflorum L. and the iminucleate form infecting J. malabaricum 
Wt. The latter has been designated as U, hobsoni forma uninucleatum. Both the strains are 
host specific. In the binucleate strain pycnia are regularly formed and the mode of pycnio- 
spore formation and separation has been found to be of a novel type. The stnicturo of the 
telia which, in both the strains develop within old aecia, has been described in detail. The 
teliosporio basidia in the binucleate strain may be 2-, 3-, or 4-celled. It has l>een pointed 
out that the variability of the basidia with respect to the number of cells and nuclei in them 
is not an environmentally induced phenomenon. Basidiospores are bi- or qua Iri nucleate. 
The latter are bigger in size. In the uninucleatum form pycnia have Iwen found to be absent. 
Tolioid aecia in this strain have been observed only in some collections made from stations 
situated at high altitudes like Purandhar and Mahabaleshwar. It has been shown that the 
expression of endo*condition is possibly an inherent property of some collections only and 
temperature variations do not play any important role in changing the habit of aeciospore 
germination, Teliosporic basidia are invariably 2-cellod and the bosidial variability is not 
08 pronounced as it is in the binucleate strain found on J, grandiflorum. Short cycling tendencies 
seem to be operative in both these strains. 


Introduction 

Uromyces hobsoni is an *'opsis” rust which has been found in India to para- 
sitise various species of Jasminum, notably the following : J. arbore.^cens Roxb., 
J. grandiflorum Linn., J. malabaricum Wt., and J, officinale Linn. The work of 
Barclay (1891) on this rust particularly with respect to life-history and aeciospore 
germination constitutes one of the best accounts of a tropical rust. Subsequently 
Ajrekar and Parandekar (1931) found that the aeciospores in the case of the rust 
found on »/. rnalabaricum are uninucleate. Thirumalachar (1939) has worked 
on the cytology and life-history of (7. hx)bsoni found on ./. grandiflorum. The 
occurrence of nuclear migrations in the primordia of primary aecia of the rust 
available on »/. grandiflorum, was reported earlier by the writer (1952). Following 
this, an extensive study was undertaken on the mode of aeciospore germination. 
At the same time the observation of Ajrekar and Parandekar (1931) that the aecio- 
spores found on J. malabaricum are uninucleate, was also confirmed. These studies 
soon indicated that occasionally the aecia are telioid, and that the aeciospores 
under suitable conditions of moisture and aeration germinate by producing basi- 
diospores. This discovery of endo-condition in V, hobsoni has been described 
elsewhere (Payak, 1953). In view of such results it was thought feasible to con- 
duct further work on the morphology and cytology of this rust. During the course 
of these studies it also became apparent that between the J. grandiflorum rust and 
the J. malabaricum rust there are not only cytological differences present but that 
both of them are also host specific, i.e. they are not cross inoculable. Two forms, 
therefore, have been distinguished : the binucleate form found on J. grandiflorum 
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and the uninucleate form found on J. malabaricum. The morphology and cytology 
of both these forms have been separately described. 

Materials and Methods 

J. grandijlorum is cultivated in the gardens for its fragrant flowers while 
J. rmlabaricum is a wild twining bush found throughout the Western Ghat forests 
of India. The grandijlorum rust was collected locally in Poona. Studies on the 
malabaricum rust are based on material collected from Kliandala, Mahableshwar 
and Purandhar Hill Fort. 

Pycnial (in case of the grandijlorum rust) and aecial material was fixed in 
formol-acetic-alcohol and Flemming’s weak fluid. Telial mat(uial was fixed 
in a stronger variant of Flemming’s containing a higher percentage of osmic acid. 
Good fixation was also obtained in Gilson’s fixative which has mercuric chloride 
as one of the main ingredients. Though its unsuitability for plant material was 
soon apparent, the fixation of the rust sori and mycelium was found to be excellent. 
Microtome sections were cut to a thickness of 7 - Vlfi. The sections were either 
stained in Heidenhain’s haematoxylin or in Newton’s Iodine Gentian Violet. 
Teliospores were germinated on slides. Basidia and basidiospores were fixed in 
acetic-alcohol and then stained either in aceto-carmine or in aceto-orcein. 

Inoculation work was mainly conducted during the rainy season (July- 
September).* Plants of J. grandijlornm were raised through ‘‘layering". The 
layered plants were transferred to 9" pots. As cuttings of */. malabaricum did 
not root easily, young seedlings growing under healthy bushes in the forest were 
brought to the laboratory and transferred to 6" pots. Majority of such seedlings 
survived. They were kept for observation for a week or more to check that they 
were free of any previous infection. These were then used for inoculation purposes. 
Aeciospores which had naturally fallen off from the aecial cups were used for 
inoculation. A spore suspension in sterile water was prepared and then sprayed 
on the plants. Alternatively the spores were dusted directly on the 1 ow(t leaf 
surfaces which had been moistened before. The inoculated plants were kept in 
the moist chambers for at least 48 hours. 

Symptoms and Cultural Studies 

The symptoms of the grandijlortim rust have been fully described by Barclay 
(1891) and also by Thirumalachar (1939). The malabaricum rust also exhibits 
symptoms similar to those of the grandijlorum. rust. The rust produces discrete 
or coalescent infections sometimes involving the whole length of the plant part 
concerned. Infections develop without any restriction on leaves, steins, and 
flowers. The rust incites considerable amount of hypertrophy and distortion 
of the affected parts. Aeciospore infections are orange-coloured which, with 
replacement by telia, in the dry season, turn dark brown to black. 

Cultural studies were conducted to find out whether the grandijlorum rust 
can infect plants of J, nwdabaricum and vice versa. Infection sturlics were carried 
out with aeciospores. As is well known, the rust propagates itself in the favour- 
able season through repeated generations of aeciospores. For inoculation work, 
aeciospores from the primary aecia associated with pycnia (in the grandijlorum 
rust) were selected. In the nuUabaricum rust it was rather diflicult to select the 
primary aecia because so far pycnia have never been observed to occur. As 
controls, the aeciospores in each case were tested by inoculating them on their 
own hosts. 

One lot of 4 potted plants of J, grandijlorum was inoculated on 4th September 
1953. Faintly yellow spots on the leaves were discernible on 17th September 
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1953. Some of the aecia on these infections, when kept for long period indoors, 
became cylindrical and their peridia remained closed. These aecia were formed 
without being accompanied by pycnia. In the malubaricurn rust also such repeat- 
ing aecia alone were formed more or lestj within the same period. Aeciospores 
from J. grandijlorum which had been found to be viable and capable of producing 
infection, when cross inoculated on the J. malabaricum plants, gave negative 
results. Similarly aeciospores of the malabaricum rust when inoculated on the 
J. grandijlorum plants, failed to produce any infection. It thus shows that the 
two rusts can not be cross inoculated and there is basis to conclude that these two 
are separate and distinct forms of U. hobsoni. The rust found on J. malabaricum 
has been designated as U. Iiobsoni forma uninuclcatum. 

The Grandijlorum Rust 

Pycnia : Ajrekar and Parandekar (1931) were unable to observe pycnia 
in the material of this rust available at Poona. Thirumalachar (1939) found them 
to be regularly present in this rust occurring at Bangalore. The writer also has 
been able to observe them in the Poona material. The pycnia are quite easy to 
spot because, when aecia have not yet developed, the hypertrophied pustules are 
more reddish orange than just orange in colour. It is on such reddish infections 
that the pycnia develop as yellowish to orange dots. Pycnia are subepidermal 
globose to flask-shaped, and have numerous ostiolar periphyses (Fig. 16). 

Pycniospore formation and separation : The pycniosporophores are un- 
inucleate and so are the pycniospores. The pycniosporophore nucleus, before the 
formation of a pycniospore, divides (Fig. 1). The upper daughter nucleus soon 
begins to migrate towards the apex. Concurrently, the pycniosporophore begins 
to differentiate a sub-apical constriction. Tlie degree of conspicuousness of this 
constriction varies from pycniosporophore to pycniosporophore. It is very narrow 
in Fig. 2 where the nucleus in passing has become proportionately attenuated. The 
nucleus after reaching the apical part assumes its rounded form (Fig. 3). The sub- 
apical constriction now undergoes a process of stretching and elongation (Fig. 4). 
It continues to elongate and become thiimer and thinner (Fig. 5) until the pycnio- 
spore gradually snaps off and thus gets freed from the parent pycniosporophore. 
After separation, the pj’^cniospores lose their rounded form and become elongate 
and bacillariform (Figs. 6 and 7). 

Telia and Teliospores : The telia in U, hobsoni are known (Barclay, 1891 
Thirumalachar, 1939) to develop within old aecia. Though the phenomenon of 
formation of telia in old aecia is very well known in several rusts, particularly in 
opsis forms (Jackson, 1931), the morphology of such composite sori in which the 
two spore forms get telescoped, does not seem to have been worked out fully. Old 
aecia, as observed in U, hobsoni, have a persistent peridium and the accial cups are 
either devoid of aeciospores or they may contain degenerating mass of old aecio- 
spores which failed to get an exit from the sori. Teliospore formation is pre- 
ceded by the development of numerous thick-walled hyphae. These adhere 
laterally and also develop one over the other in vertical chains. Ultimately the 
cells in mass assume an aspect of a compact cellular crust. The crust cells are at 
first hyaline and thin-walled but subsequently they become brown-coloured and 
thick-walled. A representative of such hyphae of the crust is shown in Fig. 8. Its 
in situ location is shown in Fig. 18 (arrow). Septum formation in the upper cell 
has not yet commenced. Curiously the lower cell is uninucleate. As can be seen 
in Figs. 9, 17 and 18, the uninucleate and binucleate hyphal cells of the crust occur 
in an intermixed condition without any order or sequence. Teliospores develop 
over the surface of the crust. Nuclear fusions have been observed to occur in 
the young teliospores regularly. Teratological teliospores like those shown in 
I*igs. 14 and 15 occur quite commonly. In the teliospore of Fig. 14 two nuclear 
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spaces can be observed while in that of Fig. 15 even though the spore body has 
been wedged in by an invagination, only one nuclear space is present. 

Nuclear fusion: In Fig. 10 two nuclei have just adpressed together. In 
Fig. 11a partial intermingling of the chromatin has commenced but the nucleoli 
have still remained unfused. In Fig. 13 the fusion nucleus shows a chromatin 
reticulum clearly. The nucleolus has diminished considerably in size. In Fig. 12 
the chromatin threads have assumed a bipartite appearance not unlike that 
observed during zygotene or pachytene of meiosis. In Fig. 19 is shown a two-celled 
teliospore. Each cell here contains a fusion nucleus. On the whole one meets 
two-celled teliospores in the sori of U, hobsoni only occasionally. 

Basidia and Basidiospores : Maximum teliospore germination can be secured 
when the Southwest Monsoon is about to terminate sometime in September. The 
teliospores at this time mature early, germinate, and the resulting basidiospore 
infections produce fresh pycnia and aecia on young leaves and twigs. Teliospores 
produced late in the season in November or December remain dormant until the 
onset ot the next Monsoon. Collections in winter, therefore, do not show a high 
percentage of teliospore germination. 

Owing to scarcity of good division stages meiosis has not been studied in 
detail. Attention has been confined to the study of the variability in the basidial 
cell numbers and the nuclei that they contain — a variability which has been 
repeatedly noted in all the material studied so far. In Fig. 20, the fusion nucleus 
has migrated in the middle of the basidium. The interphasic nucleus is showing 
a well developed chromatin reticulum along with a nucleolus. Occasionally basidia 
get prematurely divided into two cells without being accompanied by a nuclear 
division. Such a stage is shown in Pig. 21. The region below the septum is being 
interpreted as a cell of the basidium and not a basidial stipe. The latter, unlike 
the present case, is always found to be an empty space. In Fig. 22 is shown an 
intranuclear spindle in side view. Chromosomes are rather irregularly distributed. 
In Fig. 23 the nucleus is in late anaphase I while Fig. 38 represents telophase T. 
The spindle in the basidium of Fig. 38 owing to the typical curvature of the latter 
might have been pushed aside near the wall on the right. Consequently, the 
tolophasic stage also has continued to remain in the same parietal location as the 
spindle. 

The daughter nuclei resulting from first meiotic division undergo second 
division so rapidly that they have never been observed in the interphasic state. 
If at all they exist in interphase it must be lasting for a very brief duration indeed. 
In Pig. 27 the nuclei are in anaphase II. As yet even the first septum in the basi- 
dium has not developed. In Fig, 28 the nuclei are in telophase II and the first septum 
formation has now become apparent. The subsequent stage— a normal 4-celled 
basidium— is shown in Fig. 32. The development of the basidium outlined above 
may be considered as typical in the sense that it is the expected sequence of occur- 
rence following teliospore germination in any rust. In more than 50 stained pre- 
parations of germinating teliospores belonging to the grandiflorum rust many 
abnormal features of the basidia have been observed. The variability of the basidia 
with respect to their cell numbers and nuclear distribution, following meiosis is 
considerable. ’ 

In Fig. 24 the fusion nucleus has undergone both the meiotic divisions without 
being accompanied by septum formation in the basidium. Completion of meiosis 
without wall formation in the basidium has been reported by Olive (1943) to occur 
occasionally in Septobasidium apiculatum Couch and commonly in 8, grandisporum 
Couch. In the latter species each basidium produces one large-sized basidiospore. 
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Some of the unusual variations are those shown in Figs. 40, and 41. 
In Fig. 40 the basidium has become forked at the mouth of the parent teUospore. 
The uppermost cell of the basidium has produced an apical basidiospore. In Fig. 
41 a binucleate basidiospore is developing at the junction of the basidium and the 
teliospore ; another basidiospore is forming on the second cell from below. 

Two-celled basidia are depicted in Figs. 34 and 36. Both are noteworthy in 
that their upper cells have produced 2 basidiospores eauh. In B'ig. 36 the nucleus 
of the upper cell has remained undivided. In Fig. 34 one basidiospore developing 
on a side-sterigmata is binucleate while the apical basidiospore shows one nucleus 
and two extra-nuclear stainable granules in the cytoplasm. The nucleus in the 
lower cell has not divided. 

Three-celled basidia occur quite frequently. The various types of such 
basidia have been shown in Figs. 25, 26, 29 and 39. In the basidia of the type shown 
in Fig. 35 it is difficult to decide about the exact number of cells that they possess. 
The difficulty hinges on the lower region of the basidium because it can not be 
decisively interpreted either as a basidial cell or as a basidial stipe. In any case, 
it seems certain that the nucleus has undergone meiosis in the upper cell. Two 
daughter nuclei migrated to the basidiospore while the rest have remained in the 
parent cell. Majority of the 3-celled basidia are either of the type shown in Fig. 29 
or of that shown in Fig. 39. More commonly the middle cell is binucleate. The 
basidiospores produced from such binucleate cells are quadrinucleato while the 
remaining uninucleate cells give rise to binucleate basidiospores. The latter are 
shorter in size (in stained preparations they measure 10.5 — 16.5x4.5 — 6.O/1), while 
the quadrinucleato basidiospores on the same basidia are proportionately bigger 
in size (18.0 — 22.5x6.0— -7. 5/i). Another interesting occurrence in the teliosporic 
basidia of this rust is the absence of nuclei in certain cells. These have been shown 
in Figs. 26, 30, 31, 33 and 43. In Fig. 37 a quadrinucleate discharged basidiospore 
has been depicted. The basidium of Fig. 42 has produced 3 basidiospores. Tw'o 
nuclei are apparent in each of the two lower basidiospores. In the upper one, 
one of the nuclei is dividing. 

TiiE Uninuclbatum Fokm 

An ondo-condition was demonstrated in a collection of this rust made from 
Purandhar Hill fort (Payak, 1953), Further work has shown that the aeciospores 
of this rust available at Mafiableshwar also germinate by producing 2-cellcd basidia. 
However, in the population of the rust extant at places like Khandala, endo- 
condition was found to be absent. Aeciospores from such localities almost always 
produced 2-celled germ tubes with whip-like extensions instead of the basidio- 
spores. Arthur (1929) has pointed out that short-cycling tendencies are more 
apparent at higher altitudes and deeply sheltered valleys where the atmospheric 
conditions are undoubtedly different from those prevailing in the plains. In order 
to find out whether basidiospore production is an expression of temperature res- 
ponse, fresh aeciospores collected from Khandala, were kept in moist chambers 
in a refrigerator at temperatures varying from 18®C to 26°C. Precautions were 
taken to see that the developing basidia from the aeciospores did not get covered 
up by the condensing moisture. Even in an incubation at such low temperatures 
basidiospores . failed to develop. Aeciospores from Mahableshwar, however, 
regularly produced basidiospores even at room temperatures (28®C to 30°C). It 
thus becomes manifest that the expression of the endo-condition is possibly an 
inherent property of some collections only and temperature variations do not play 
Any important r6Ie in changing the habit of aeciospore germination. 

Telia and Teliospores : The development of telia in old aecia in the opsis 
rusts is undoubtedly due to the suppression of the uredial stage. It may be 
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pointed out that occasionally tolai in U, hohsoni do develop separately. Whether 
teliospores are formed in old aecia or in independent, telia, the sori are always deep 
seated In the form of globose sunken cavities. Teliospore formation in a separate 
telium is shown in Fig. 44. Here all thin-walled cells of the hymenium are 
uninucleate. 

Teliospores begin to form when the dry season is setting in. At this stage 
practically all the aeciosnores have been shed away from the sori. By repeated 
divisions the hymenium Terms vertical rows of 3-6 cells which adhere laterally. 
As the development progresses, the whole cell mass assumes an aspect of a paren- 
chymatic crust or plate. The cells of this crust arc at first thin-walled and hyaline. 
The cellular plate by further divisions rapidly elongates and comes to occupy more 
than half the space in the sorus. In some aecia, aeciospores which failed to escape 
now get compressed by the cellular crust and they get concentrated in the central 
region of the sorus (Fig. 45). This entire mass ultimately undergoes dissolution 
giving way to the developing teliospores. 

In Fig. 46 a telium is shown which has arisen as a separate sorus. The cells 
of the hymenial plate are hyaline and thin- walled. In Fig. 47 the sorus, unlike 
that of Fig. 45, is devoid of old aeciospores. The thickening and browning com- 
mences in the intercellular hyphae which converge at the base of the sorus pro- 
gressing upwards in the sorus until in the mature telium the entire cellular cnist 
becomes hard. The thick-walled cells of the crust remain uninucleate throughout 
(Fig. 47). Ordinarily the cellular plate, as mentioned above, occupies about half 
the soral space but sometimes it assumes a domelike aspect and fills up practically 
the entire soral cavity (Fig. 48). 

Since the crust cells are uninucleate from the beginning the resulting pedicellate 
teliospores also individually contain only one nucleus. One such teliospore has 
been shown in Fig. 49. As the binucleate condition in the constituents of young 
as well as mature telia is conspicuous by its absence, nuclear fusion does not occur 
in the teliospores of this form. 

Bdsidia and Basidiosjjores : Teliospore germination, in the collections 
of the uninucleatum rust made at different places at various times, has been so 
erratic and in such low percentage that inoculation work with teliospores has 
been so far unsuccessful. However, a few stages of teliospore germination observed 
so far have provided some understanding of nuclear cytology of the basidium. 
Basidia are invariably two-celled. The nucleus from the teliospore migrates in 
the middle of the basidium (Fig. 50), divides (Fig. 51). and the daughter nuclei get 
distributed in the two cells of the Widium (Fig. 52). Occasionally the teliosporic 
nucleus in the basidium does not divide even though the latter becomes two-celled 
(Fig. 53). The nucleus in the lower cell is about to migrate in the basidiospore on 
the left. The occasional presence of such configurations demonstrates from a 
cytological point of view the truly haploid nature of this strain. 

The basidia produce only two basidiospores. The nuclei after migration 
from the basidial cells divide once more (Figs. 55, 56 and 57). The primary basi- 
diospores sometimes produce secondary ones (Fig. 54). The secondary basidiospores 
also, like the primary ones, are formed on well developed steri^ata. Thiru- 
malachar (1939) has observed the formation of even tertiary basidiospores in the 
grandiflorum rust. A germinating basidiospore with both its nuclei intact (i.e. 
without degeneration) in the germ tube has been shown in Fig. 58. A comparison 
of aeciospore and teliospore germination within the uninuclmtum form itself demons- 
trates the remarkable similarity between aeciosporic basidia and the teliosporic 
basidia. Both types are invariably composed of 2 uninucleate cells and both of 
them produce two binucleate basidiospores. 

As stated above, so far pycnia have never been found to occur in this rust. 
Teliospore germination being very scanty, evidence through inoculation work 
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about the actual occurrence or nonoccurrence of pycnia, is, at present, not avail- 
able. Intensive field observations, especially at the commencement of the rainy 
season when the rust begins to appear in the forests, have so far failed to reveal the 
presence of pycnia. 


Discussion 

The mode of pyoniospore formation in the rusts whose pycnia and their consti- 
tuents have been rather well investigated, deserves comparison with that found 
in the grandifiorarn rust. Blackman (1904) first indicated that the free ends of 
the pycniosporophores in (hjmnosporangium clavariaeforme, are provided with 
subapical thickened rings. Presumably the separation of the newly-formed pycnio- 
spore is accomplished through this thickened ring. A somewhat similar mode 
of pycniospore separation has been described by the writer in Scopella gentilis 
(Payak, 1956). Olive (1944) found that in Oymnosporangium clavipes instead of 
thickened rings, pycniosporophores have open collars through which pycniospores 
are budded out. Colley (1819) in Cromrtmm ribicola, and Lamb (1934) in Puccinia 
prostii have shown that pycniosporophores form pycniospores through subapical 
constrictions. In the latter rust the pycniospore gets cut off by a cell wall. The 
subapical constrictions develop in the pycniosporophores of the grandijlorum rust 
also. But the separation is achieved by the gradual narrowing and attenuation 
of the constriction until the pycnl^)spore frees itself from the pycniosporophore. 

Jackson (1935) has reviewed the then known basidial variations in rusts and 
has grouped them into six types. Since then a great amount of work has been done 
on rusts having either an unstable life-cycle or whose basidia have a pronounced 
tendency to vary — both cytologically and developmentally. As Skolko (1944) 
has pointed out, the important consideration is whether such tendencies are fixed 
and typical fo# any given Basidiomycetous fungus, or whether they are mere 
fortuitous occurrences. If it is the latter then no great biological significance need 
be attached to them. Great as is the capability of a heterobasidiomycete basidium 
to vary, Rogers (1934) has emphasised the need for cautious interpretation of 
atypical forms in the following words ; ‘‘not only is there great variation in basi- 
dial morphology from group to group and species to species, but under suboptimum 
conditions the lieterobasidiomycete basidium is capable of any of the modifica- 
tions possible to ordinary mycelium — indefinite elongation, repeated irregular 
septation, branching, oidium formation — and of direct germination, by hjrphae 
instead of by basidiospores, in their occasional or regular septation and their ger- 
mination by repetition or conidia as well as directly. So universal is this capacity 
for variation, phyletic and ontogenetic, that it may well be taken to be the surest 
criterion of the group ; and the types of response possible must be taken into account 
in any attempt at interpretation of the more aberrant.” In the graiidiflorum rust, 
the variability with regard to the basidial cell numbers and nuclear behaviour 
becomes manifest in normal conditions, that is, conditions not far different from 
those obtaining in nature. The basidial variability here, therefore, seems to be 
an inherent capacity which expresses itself without regard to the environmental 
conditions. The variations noted in the grandijlorum strain of XJ, hobsoni are 
comparable to those found by Olive (1943) in various species of Septobasidium, 
and also in the mstB—Sphenospora kevorkianii (Olive, 1947), and Oymmsporafigium 
clavipes (Olive, 1949). 

Basidially bisporous strains have been found in many rusts particularly in the 
endo-forms. However, not all such rusts are uninucleate. Recently, Thiru- 
malachar and Narasimhan (1960) and Thirumalachar and Govindu (1954) have 
described two new species of EvdophyUum — E. hdiotropii and E, spilanthes res- 
pectively which have two-celled basidia. In the former the mycelium is binuoleate 
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and in the aeciospores the two nuclei do not fuse. Both the nuclei on aeciospore 
germination get distributed in each cell of the basidiuni and due to their subsequent 
divisibn in the basidiospores, the latter become birmcleate. In JS. apdanthes the 
two nuclei from the aeciospores without fusion migrate to the basidium. These 
divide in the basidium itself but once and thus each basidial cell becomes binucleate. 
Basidiospores also are binucleate. There are, however, uninucleate strains known 
in the endo-forms as well as in the other rusts, like Endophyllum eupliorbiae-sylva- 
ticae var, unmudeatuniy E, centranthi — ruhri, Gymnoconia nitens, and Uromyces rvd^ 
beckiae. The uninucleatum form of U. hohaoni is not only haploid and basidially 
bisporous but also, what is more noteworthy, its aeciospores are telioid at least 
in some collections and they too like the teliospores develop only two-celled basidia. 
There is little doubt that short-cycling tendencies are operating not only in the 
graridijlorum strain but also in the unimudeatum form. 
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Explanation of Eioobbs 
The Qrandiflorum Rust 


Fig. 1, nucleus in telophase in a pycniosporophore before pycniospore formation, x 1,800. 

Fig. 2, nucleus migrating through subapical constriction of a pycniosporophore, x 1 ,800. 

Fig. 3, apical part of a pycniosporophore showing a less pronounced constriction, x 1,800. 

Fig. 4, subapical constriction of pycniosporophore in a state of extension, x 1,800. 

Fig. 5, later stage, x 1,800. 

Fig. 6, tip of a pycniosporophore showing scar of pycniospore separation; the latter lies just 
above on the left, x 1,800. 

Fig. 7, individual pycniospores containing elongate nuclei, x 1,800. 

Fig. 8, two hyphal cells fi*om a h 5 mienial crust in telium (c/. Fig. 18), x860. 

Fig. 9, part of a telium showing mixture of uni- and bi-nucleate cells (c/. Fig. 17), x 860. 

Fig. 10, a toliospore showing adpressed nuclei before fusion, x 1,800. 

Fig. 11, later stage, x 1,800. 

Fig. 12, fusion nucleus in teliospore showing bipartite appearance of chromatin threads, 
X 1,800. 

Fig. 13, fusion nucleus in interphase in teliospore, x 1,800. 

Figs. 14,15, two teratological toliospores, x500. 

Fig. 16, a mature pycnium, x380. 

Fig. 17, same as figum 9, x550. 

Fig. 18, showing in situ location of two hy{>hae (arrow) sketched in Fig. 8, x740. 

Fig. 19, a two-colled teliospore, X 1,790. 

Fig. 20, interphasic fusion nucleus in middle of basidium, x 1,800. 

Fig. 21, two-colled basidium; lower cell without nucleus, x 1,800. 

Fig. 22, Metaphase 1, x 1,800. 

Fig. 23, Anaphase I, xl,110. 

Fig. 24, 4-nueloato non-septate V>asidium, x 1,110. 

Fig. 25, 3-celled basidium, each coll uninucleate, x 1,800. 

Fig. 26, 3-collod basidium, noto one non-nucleate cell, X 1,800. 

Fig. 27, Anaphase 11, first septum not yet evident, x 1,110. 

Fig. 28. Telophase II, 80 i)tum evident, x 1,110. 

Fig. 29, 3-coUod basidium; upj>er coll binucleate, x 1,800. 

Fig. 30, 4-celled basidium; upper cell without nucleus, x 1,110. 

Fig. 31, 4-celled basidium; one cell uninucleate, lower cell binucleate, x 1,110. 

Fig. 32, 4-colled basidium; each cell uninucleate, x 2,160. 

Fig. 33, 3-colled basidium; middle cell without nucleus, x 2,160. 

Fig. 34, 2-colled basidium; upper coll producing two basidiospores, x 1,330. 

Fig. 35, most probably a 2.celled basidium; basidiospore binucleate, < 1,330. 

Fig. 36, 2-celled basidium with each cell uninucleate; upper cell with two basidiospores, X 1,330. 
Fig. 37, a quadrinucleato basidiospore, x 1,330. 

Fig. 38, Telophase I, x720. 

Fig. 39, 3-oelled basidium; note middle binucleate cell, x570. 

Fig. 40, basidium forked at teliospore mouth, x 1,090. 

Fig. 41, basidiospore forming at base of basidium just above teliospore, x960. 

Fig. 42, basidium with 3 basidiospores, x840. 

Fig. 43, 4-oelled basidium with two basidiospores; upper one quadrinucleaie, lower one binii- 
cleate, X840. 


Forma Uninudeatum 

Fig. 44, an independent telium, hymenial cells uninucleate, x270. 

Fig. 45, parenchymatous crust replacing old aeciospore mass in a young telium, x 200approx. 
Fig. 46, cells of the crust in a telium thin-walled and hyaline, x200 approx. 

Fig. 47, a telium showing uninucleate hyphal cells of the crust, x270. 

Fig. 48, telial crust occupying major part of sorus, x200 approx. 

Fig. 49, a uninucleate teliospore, x 2,960. 

Fig. 50, basidium with nucleus in interphaso, x 1,800. 

Fig. 61, nucleus in telophase, x 1,800. 

Fig. 62, 2-celled basidium; each cell uninucleate, x 1,800. 

Fig. 53, 2-ceUod basidium; teliosporio nucleus minting in basidiospore on left, x860. 

Fig. 54, 2-oelled basidium; upper basidiospore producing secondary basidiospore, x 860. 

Fig. 66, basidium with a binucleate basidiospore, x860. 

iBjg. 66, 2-oelled basidium with 2 binucleate basidiosj^res, x860. 

Fig. 67, basidium showing binucleate discharged basidiospore, x 1,800. 

Fig. 68, a binucleate germinating basidiospore; nuclei in the germ tube, x 430. 
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INTERRELATION BETWEEN RESPIRATION, NET ASSIMILATION RATE, 
ORGANIC AND INORGANIC PHOSPHORUS UNDER PHOSPHORUS 
DEFICIENCY CONDITIONS 


hy K. N. Lal and J. N. Singh*, Plant Physiology Laboratory, College of Agriculture, 

Banaras Hindu University 

(Communicated by R. Misra, F.N.I.) 

( Received July 15, 1957 ; read January, 1958 ) 


Absteact 

The respiratory index of component organs of sugarcane variety Co 453 was determined 
under laboratory conditions at successive stages of the life cycle in relation to phosphorus 
deficiency, age of the plant and the nature of the respirable materials. 

Respiratory index, in general, was high during the early stage and declined towards 
maturity. A critical limit of sucrose (1 mgm.), glucose (0.1 mgm.), fructose (0.1 mgm.), 
amino acids (40 mgm.), amides (10 mgm.) and organic phosphorus (0.4 mgm.) per 100 gm. 
plant material helped in maintaining a high respiration rate. Further increase, however, 
resulted in a fall in respiration. 

The possibility of high respiration being associated with high sucrose/hexose (5 : 1), and 
low amino /amide (3:1) and organic/inorganic phosphorus (8:1) ratios was clearly indicated. 
An adequate sucrose/hexose, amino acids/amide nitrogen and organic/inorganic phosphorus 
appeared to be the principal factor^in determining the relation between age and respiratory 
index. 

High respiratory index of leaf was associated with its high insoluble nitrogen, total 
nitrogen and inorganic phosphorus content. Medium respiratory index of the roots was related 
to medium content of total soluble and insouble nitrogen and organic and inorganic phosphorus. 
Poor respiratory index of stem, on the other hand, showed some relation with low insoluble 
nitrogen, total nitrogen and inorganic phosphorus content. 

Reasons for poor respiratory index of the stem in spite of rich respirable substrate, e.g. 
high sucrose, reducing sugars, amino acids, amides and organic phosphorus compounds have 
bwn discussed. Effects of phosphorus deficiency on respiration were generally insignificant. 

High net assimilation rate of leaves during the early stage and relatively low N.A.R. 
under phosphorus deficiency were characteristically recorded. Absence of phosphorus inter- 
fered with further elaboration of amides and amino acids and thus resulted in poor protein 
content which was primarily responsible for low dry matter accumulation per unit area. The 
decline with age, on the other hand, was associated with poor chlorophyll content, reduced 
efficiency of leaves to absorb CO 2 during photosynthesis and the general decline in proteins 
which formed the bulk of the dry matter. 

Inteodhction 

Supply of phosphorus in the culture medium brings about characteristic 
variations in the uptake of phosphorus and its further elaboration into organic 
phosphorus compounds. The concentration of these organic and inorganic 
phosphorus compounds has beem suggested very often to play an important part 
in the respiratory processes often resulting in a marked variation in the CO, out- 
put of the plant. Phosphorus deficiency has also been shoAim to bring about 
increase in the chlorophyll content and to alter the net assimilation rate (N.A.R.). 
Phosphorus deficiency effects on respiration and chlorophyll content have been 
reported earlier by lial et al. (1951, 1952). It is the intention to trace in these 
pages the further interrelation, if any, between respiration, organic and inorganic 
phosphorus content, and N.A.R. of the plant. 


* Now Assistant Professor of Agriculture, Bihar Agricultural College, Sabour. 
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Experimentation 

The plant materials for these studies were secured from sugarcane • (var. 
Co 453) grown under (A) complete nutrition, and (B) phosphorus deficiency condi- 
tions with the help of Hoagland’s nutrient* solutions ds described earlier (Lai and 
Singh, 1957). Root, stem and leaf were carefully washed to remove dirt and 
adhering sand particles, chopped off separately and brought to the laboratory. 
The rate of respiration of these plant organs was determined by Blackman’s 
continuous current method using Ba(OH )2 as an absorbent of COg. The respira- 
tion measurements were taken on detached leaf, stem and root under a constant 
temperature of 30°C and in a CO^ free stream of air. The rate of CO 2 output was 
finally expressed in mgm. of CO 2 per 100 gm. of the dry matter. 

Net assimilation rate of the plant at successive stages of the life cycle was 
determined by the formula : — 

N.A.R. = X ^ XlOOO 

T2-T1 ^ Lt-L^ 

where and were the dry weights and ig 

intervals of and 'J\, and expressed as grams of dry matter formed per 1000 sq. 
cms. of leaf area per day. 

The inorganic phosphorus content was determined colorimetrically by the 
modified Truog and Meyer method (1929) as described by Bertramson (1942). 
Organic phosphorus was determined indirectly by subtracting the value of inorganic 
phosphorus from that of total phosphorus. All observations on respiration, 
N.A.R., inorganic and organic fractions were statistically examined to indicate the 
significance of the experimental data. 


Experimental Findings 


A. Respiratory Index : 

Respiratory index of sugarcane was found to vary to a certain extent with 
the plant parts, dificiency of phosphorus and with the age of the plant. Thus, 
in leaf, increase in age brought about marked improvement in the respiratory 
index which reached the liighest level towards maturity. Phosphorus deficiency 
during early stages showed some increase in the leaf respiration but at later periods, 
the disparity between respiratory index of complete-nutrient and phosphorus- 
deficient plants was not so evident. In the stem, on the other hand, increases 
in age induced a marked decline in respiratory index reaching fairly low values 
towards maturity. This was true for both the phosphorus-deficient and com- 
plete-nutrient cultures. Barring the earliest stage of 45 days, when the com- 
plete-nutrient canes showed relatively high respiratory index of the stem in 
comparison to the phosphorus-deficient stem, at other stages the differences were 
not so characteristic. In so far as the roots were concerned, the general decline 
in the respiratory index of the root with age was evident, but the effect of phos- 
phorus deficiency varied at successive samplings. During 46 and 135 days a 
tendency to increase respiratory index was particularly noted under phosphorus 
deficiency (Table lA). 

Statistical analysis of the results, however, indicated the average response 
of the main effects and interactions to be insignific^t (Table IB). The fall m 
the respiration rate with age also did not attain the significant level. Phosphorus 
deficiency too showed less marked variations in respiration. A general temency 
of the leaf to exhibit higher respiration rate than that of the ro^ which showed 
relatively high values in comparison to the stem, was observed (Table IC). The 
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Table I 

Effect of phosphorus deficiency on the respiratory index of sugarcane (mr* Oo 45$) under 

sand nutrient cultures 

(mgm. of CO2 per 100 gm. dry weight) 

A. Main Tablb 


Age in 
days 

Treatments 


Plant Parts 


Average 

plant 

Leaf 

Stem 

Root 


CN 

9.4 

43.9 

27.8 

27.03 

46 

-P 

18.4 

23.5 

43.0 

26.63 


Difference 

-4.0 

+ 20.4 

-16.2 

+0.40 


CN 

22.3 

16.6 

40.1 

26.33 

90 

-P 

20.8 

19.6 

86.4 

26.26 


Difference 

+1.5 

-3.0 

+4.7 

.i-1.07 


CN 

36.2 

8.6 

9.7 

18.16 

136 

-P 

36.6 

9.6 

10.3 

18.80 


Difference 

-0.4 

-0.7 

-0.6 

-0.64 


CN 

38.7 

2.4 

7.6 

16.23 

226 

-P 

39.2 

2,7 

7.7 

16.53 


Difference 

-0.6 

-0.8 

-0.1 

-0.30 



B. 

Analysis ov Vabianob 



Due to 

D.F. 

S.S. 

M.S.8. 

Ratio 

P at 6% 

Ago 

3 

489.92 

163.30 

0.66 

8.74 

Treatments 

1 

0.11 

0.11 

0.00 

24.40 

Plant parts 

2 

512.17 

266.08 

0.88 

19.41 

Age X Treatments 

3 

2.67 

0.85 

0.00 

8.74 

Treatments x Plant parts 

2 

49.82 

24.91 

0.08 

19.41 

Error 

12 

3469.90 

288.32 



Total 

23 

4514.49 





S.H. s» J;16.98. 


respiratory index, however, did not vary significantly with any of the conditions of 
the ejqwriment (Table ID). 

Net Assimilation Bate : 

The N.A.B. of the plant was highest daring the earliest stage of the life cycle 
and declined as age advanced. This was true of both the complete nutrient and 
phosphorus-deficient canes. The differences at later stages of the life cycle 
appeared less significant. A general tendency of lower N.A.R. under phosphorus 
deficiency was recorded (Table llA). While this was true of sand nutrient cultures, 
the comparative data on soil cultures showed the useful effect of 60 ppm., of 
P 2 O 5 in, improving N.A.B. This was particularly noted daring the first three 
stages of observation, indicating thereby the possibility of greater efficiency of 
the’ plant under 60 ppm. in the acoumulation of dry matter (Table HB). 
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C. Age X Tbbatments Intebactioks 
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Age in dfays 


Mean of 
12 values 

X rea viuenw 

46 

90 

135 

225 

CN 

Mean of 6 values 

27.03 

26.63 

26.833 

26.33 

26.27 

25.800 

18.17 

18.80 

18.483 

16.23 

16.63 

16.383 

21.9418 

21.8083 


C.D. at 6% for means of 4 values =* ±30.229 
•• M 6 „ « ±21.349 

9t ±16.096 


D. Tbeatmbkts X Plant Parts Interactions 




Plant Parts 

Mean of 

12 values 


Leaf 

Stem 

Root 

CN 

26.650 

17.876 

21.300 

21.9418 

-P 

27.600 

13.825 

24.100 

21.8083 

Mean of 8 values 

27.075 

15.860 

22.700 


C.D..at 5% for means of 

4 values » 

±26.159 


ft »» 

ft 

8 m 

±18.499 


»» tt 

9 * 

12 M « 

±16.098 



Table II 

Effect of phmphoruB deficiency on the average net asaimilation rate of augarcam 
plant (mr, Co 463) per 1000 aq, cma, per dag during auccesaive atages of 
the life cycle under aand and aoil nutrient cultures 



A. 

Sand Cxtltdbbs 



Treatments 



Age in days 



45 

90 

135 

180 

225 

ON 

1.57 

0.48 

0.47 

0.15 

0.31 

-P 

1.45 

0.89 

0.12 

0.26 

0.27 


B. 

Soil Cmswam 




Conoentration of P2O5 in ppm* of soil 


Age in 
days 



31 9 

rr— • 


0 

20 

40 

60 

80 

45 

1.909 

1.966 

1.964 

2.243 

1.948 

90 

0.328 

0.384 

0.419 

0.431 

0.304 

135 

0.240 

0.261 

0.191 

0.336 

0.306 

225 

0.147 

0.041 

0.070 

0.024 

0.025 
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Inorganic and Organic Phosphorus : 

The inorganic fraction of phosphorus showed slight variations with age, 
conditions of phosphorus deficiency and plant parts (Table IIIA). Taking the 
over-all plant part values into consideration, the inorganic phosphorus content 
did not vary significantly with ago under both the conditions of nutrition (Table 
inB). The differences due to phosphorus deficiency or the plant part were equally 
insignificant (Table IIIC). 


Tsslb III 

Effect of phosphorus deftcienoy on the inorganic phosphorus content of sugarcane (var. Co 453) 

under sand nutrient cultures 

(gms. of P 2 OB per 100 gm. dry matter) 

A. Main Table 


Age in 
days 

Treatments 


Plant Parts 


Average 

(plant) 

Loaf 

Stem 

Root 


CN 

0.0527 

0.0811 

0.0518 

0.0619 

45 

-P 

0.0437 

0.0705 

0.0766 

0.0636 


Difference 

•fO.0090 

+0.0106 

-0.0248 

-0.0017 


CN 

0.0634 

0.0488 

0.0828 

0.0617 

90 

-P 

0.0450 

0.0260 

0.1001 

0.0573 


Difference 

+0.0075 

+0.0228 

-0.0173 

+ 0.0044 


CN 


0.0670 

0.0431 

0.0597 

136 

-P 


0.0611 

0.0421 

0.0624 


Difference 


-(-0.0069 

+0.0010 

-0.0027 


CN 

0.1615 

0.0287 

0.0317 

0.0706 

180 

-P 

0.1169 

0.0258 

0.0293 

0.0573 


Difference 

+0.0346 

+0.0029 ‘ 

+0.0024 

+0.0133 


CN 

0.0202 

0.0483 

0.0506 

0.0397 

225 

-P 

0.0280 

0.0549 

0.0362 

0.0397 


Difference 

-0.0078 

-0.0066 

+0.0143 

+0.0000 


B. Aob X Tbbatubnts iNnsBAonoNS 




Age in days 


Mean of 

15 values 


45 

90 

136 

180 

226 

CN 

0.0610 

0.0617 

0.0597 

0.0706 

0.0397 


-P 

0.0636 

0.0675 

0.0624 

0.0673 

0.0397 


Mean of 6 values 

0.0627 

0.0596 

0.0610 

0.0639 

0.0396 

mm- 

OaD. at 5% for means of 8 values »» 

±0.4078 




9P 

.. 8 

99 

±0.3300 



»« 

9$ 

12 

99 

±0.2080 
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C. Tbbatmbnts X Plant Parts Interactions 
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Plant Parts 

Mean of 

16 values 


Leaf 


Stem 

Boot 

CN 

0.0714 


0.0628 

0.0520 

0.0687 

-P 

0.0667 


0.0467 

0.0569 

0.0660 

Moan of 10 values 

0.0685 


0.0492 

0.0544 

— 

C.D. at 6% for means of 

6 values = 

i0.3616 


»» >» 

>• 

10 

»» ~ 

i0.2603 


ff t* 

>> 

16 


±0.2088 



The organic fraction of phosphorus showed a definite fall with age and varied 
characteristically with the factors under investigation (Table IVA). Tlie age 
effect and eflFects of plant parts were found to be statistically significant. The 
significant interaction between age and treatments indicated that the effects of 
phosphorus deficiency on the organic phosphorus content of the plant varied 
markedly with age (Table I VB). The over-all plant part values indicated significant 
rise in the organic phosphorus content of the complete -nutrient plants at 135 days 
and a significant fall at later periods of the life cycle. Under phosphorus defi- 
ciency, highest organic phosphorus content at 90 days and a significant decline 
at 225 days were also noted. The over-all ago values, however, did not show 
any significant reduction in organic phosphoiiis, although a tendency of such a 
nature was recorded (Table IV C). A significant rise in the organic phosphorus 


Table IV 

Effect of phoaphorw deficiency on the organic phosphorus content of sugarcane (var. Co 453) 

under sand nutrient culture 


(gms. of P2O5 per 100 gm, dry matter) 
A. Main Table 


Age in 
days 

Treatments 


Plant Parts 


Average 

(plant) 

Leaf 

Stem 

Root 


CN 

0.2769 

0.4569 

0.4846 

0.4057 

45 

-P 

0.3277 

0.6479 

0.3970 

0.4242 


Difference 

-0.0618 

-0.0910 

+ 0.0876 

-0.0186 


CN 

0.4668 

0.3824 

0.6181 

0.4854 

90 

-P 

0.6452 

0.5463 

0.8706 

0.6540 


Difference 

-0,0894 

-0.1639 

-0.2625 

-0.1686 


CN 

0.9108 

0.4320 

1.3217 

0.8882 

135 

-P 

0.3964 

0.3770 

0.5359 

0.4331 


Difference 

±0.6244 

+0.0660 

-0.2142 

+ 0,4551 


ON 

0.1162 

0.2304 

0.4661 

0.2669 

180 

-P 

0.1472 

0.3389 

0.2992 

0.2618 


Difference 

-0.0320 

-0.1088 

+0.1669 

+ 0.0061 


CN 

0.0892 

0.1700 

0.0729 

0.1106 

226 

-P 

0.0471 

0.0360 

0.2764 

0.1195 


Difference 

+0.0421 

+0.1340 

-0.0227 

-0.0089 


6 
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TabiiB IV — (Oontd.) 

B. AnaiiTsis of Vabianoi! 


Due to 

D.F. 

S.S. 

M.S.S. 

Ratio 

F at 6% 

Age 

4 

1.1837 

0.2959 

11.64 

3.01 

Treatmente 

1 

0.0204 

0.0204 

0.80 

24.60 

Plant parts 

2 

0.2469 

0.1234 

4.86 

3.63 

Age X Treatments 

4 

0.3290 

0.0820 

3.22 

3.01 

Treatments x Plant parts 

2 

0.0303 

0.0151 

0.69 

19.43 

Error 

16 

0.4071 

0.0254 



Total 

29 





8.E. per = ±0.10. 


C. Aoe X Treatments Interactions 


Age in da 3 r 8 

Treatments Mean of 



45 

90 

ir* 

180 

226 

16 values 

CN 

0.4068 

0.4854 

0.8882 

0.2669 

0.1106 

0.4313 

-P 

0.4242 

0.6640 

0.4364 

0.2618 

0.1195 

0.3791 

Mean of 6 values 

0.4160 

0.6697 

0.662S 

0.2643 

0.1160 

. . 


C.D. at 6% for means of 3 values = ±0.2771 
„ „ „ 6 „ = ±0.1967 

.. „ » 12 = ±0.1237 


D. Treatments x Plant Parts Interactions 





Plant Parts 

Mean of 

16 values 


Leaf 


Stem 

Root 

CN 

0.3694 


0.3343 

0.6904 

0.4313 

-P 

0.2927 


0.4766 

0.4766 

0.3791 

Mean of 10 values 

0.3311 


0.6830 

0.6330 


C.D. at 6% for means of 

5 values 

±0.2142 


• 9 $9 

99 

10 

f f 

±0.1642 


99 99 

99 

15 

99 ~ 

±0.1237 



content of the stem and the root over that of the leaf was also recorded. It, 
therefore, became obvious that the organic phosphorus content varied most 
characteristically with the age and plant parts and showed more or less similar 
trend of variations with age as noted for respiration rate. The plant parts, how- 
ever, showed differential response. Thus, the leaf showed highest respiration 
rate followed by root and stem, but the organic phosphorus content varied in the 
decreasing order, stem > root > leaf. 


Discussion 

The data recorded in these pages indicate beyond doubt that leaves in general, 
showed a relatively hi^er rate of respiration than root or the stem, particularly 
during the second half of the life cycle. During early stages the roots showed 
higher respiratory index than the leaf. Such variations in the respiration rate 
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of the component organs must necessarily be analysed in terms of the important 
changes in the concentrations of various respirable materials. Taking the plant 
as a whole, the decline in respiration with age depicted, in general, the low state 
of metabolic activity of growing plant towards maturity, in comparison to the 
early stages when growth, differentiation of tissues and other metabolic changes 
were taking place with rapidity. Attempts have, therefore, been made to correlate 
the rate of respiration at various stages of the life cycle under phosphorus deficiency 
and complete nutrition conditions with the changes taking place in the relative 
concentration of various organic fractions. 

When the rates of respiration were plotted against the corresponding values 
of carbohydrates and other organic nitrogenous compounds (Fig. 1), the relation- 
ship between respiration and concentration of each of such fractions was character- 
istic. A general tendency of decrease in respiration with rise in sucrose, glucose, 
fructose and with increase in the ratios of amino/amide nitrogen, was evident. 
On the other hand, increase in amide, amino acids, organic phosphorus and rise 
in sucrose/hexose and organic/inorganic P ratios, caused increase in respiration. 

At the critical limits of sucrose (1 mg.), glucose (0.1 mg.), fructose (0.1 mg.), 
amino acids (40 mgm.), amides (10 mgm.) and organic phosphorus (0.4 mgm.) 
per 100 gm., respiration was usually high. As this limit was raised, the rate 
of respiration did not increase but showed decline. It was equally important to 
note that the ratio of sucrose/hexose and amino acids/amides and organic/in- 
organic phosphorus, played an important role in regulating the intensity of COg 
output. When the concentration of organic phosphorus was high relative to its 
inorganic component, a high ratio of organic/inorganic phosphorus resulted in a 
sharp rise in respiration. On the other hand, a low ratio of organic/inorganic 
phosphorus resulted in a fall in the respiration. Respiration also declined with 
increase in amino/amide ratio, reaching low value as the ratio 6 : 1 was reached. 
The greater the proportion of sucrose over hexose (high sucrose/hexose ratio) 
the higher were the rates of respiration of the tissues. It was also clear that glucose/ 
fructose ratio did not appear to be as important as the other three ratios in regulat- 
ing respiration. 

What then caused a high respiration rate during early days and poor res- 
piration rate at later periods ? The possibility of high respiration being related to 
high sucrose/hexose (5:1) and low amino/amide (3:1) ratio have been indicated. 
Another possible factor responsible for high rate of respiration, was the ratio of 
organic/inorganic phosphorus (8:1). One of the potent factors which led to high 
respiration during early stage, therefore, appeared to be an adequate sucrose/ 
hexose, amino/amide nitrogen and organic/inorganic phosphorus ratios in the tissues. 

The interrelation between the concentration of various organic fractions and 
the respiratory activity is also made clear from summarised results recorded in 
Table V for the component parts of sugarcane. Thus, the high rate of leaf res- 
piration was mostly due to its high insoluble nitrogen, total nitrogen and inorganic 
phosphorus content. In contrast to the leaf, the roots showed medium respira- 
tion due to the medium values of total soluble and insoluble nitrogen, and medium 
amounts of inorganic and organic phosphorus present therein ; all sugar fractions, 
amide and *rest' nitrogen were poorest in roots. In comparison to both the sub- 
terranean and the green chlorophyllous foliage, the stem showed the lowest res- 
piration. Low respiratory index of the stem was recorded in spite of the fact that 
the respirable material was the richest as indicated by high sucrose, total reducing 
sugars, total sugars, amino acids, amides, total soluble nitrogen and organic phos- 
phorus compounds. On the other hand, low respiratory index was related to the 
low insoluble nitrogen, total nitrogen and inorganic phosphorus content of this 
organ. The protein and inorganic phosphorus content in stem being low, the 
respiratory index showed a fall relative to that of the leaf and the root. Further, 
such storage tissues like that of stem, mostly consisted of non-living cells. The 
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actively metabolizing ceUs, and poor effioienoy 
be eauallv im-n ,’**^*^® respu-able material already present appeared to 

SsSbiHtv reducing the respiratory index. There was yet another 

Sited^tlf adulation of harmful and toxic substances in stem which 
lOited the oxidation of the respirable materials to carbon dioxide stage. The 



Via. 1. btorrelation between respiration, organic and inoiganio pbosphoms 
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rich respirable materials present in the stem may also be converted into inter- 
mediate products such as organic acids, aldehydes and alcohol due to their res- 
tricted and incomplete oxidation caused by poor availability of oxygen, and partial 
narcotic effects of dissolved COg and other, intermediate products of partial anaero- 
biosis. Further work is needed to elucidate the nature of this age-respiration 
relationship with special reference to the aerobic and anaerobic oxidation of res- 
pirable materials. 

So far as the effect of phosphorus deficiency on respiration rate was concerned, 
relatively lower respiratory index was associated with reduction in various sugar 
fractions and total insoluble nitrogen and the organic and inorganic content of 
phosphorus in tissues. The effects of deficiency of this element on the respiratory 
index were generally insignificant mainly on account of the fact that possible reduc- 
tion caused by the low percentage of all sugar fractions, total insoluble nitrogen 
and organic and inorganic phosphorus were counterbalanced by the relatively 
high concentration of amino acids, amides and total soluble nitrogen in phosphorus 
deficient tissues. If the fall in carbohydrates indicated the possibility of low index 
of respiration, the high amides, amino acids and total soluble nitrogen showed 
the possibility of higher respiratory index. Both these effects seemed to result 
in maintaining a balance resulting in insignificant differences in respiratory index 
of the canes grown in complete-nutrient and phosphorus-deficient cultures. In 
an analysis of respiratory drifts in sugarcane, due consideration should, therefore, 
be given to the relative amounts of sugar, nitrogen and phosphorus fractions present 
in the tissues (Table V). The possible role of organic acids in the respiratory acti- 
vity also needed careful investigation. 


Table V 

Order of response in component parts of sugarcane (var, Co 463) under phosphorus 

deficiency 


Character 

Order of Response 

Plant parts 

Nutrition 

% Fructose 

Stem > Leaf > Root 

CN> -P 

% Glucose 

Stem > Leaf > Root 

CN> -P 

% Sucrose 

Stem > Leaf > Root 

CN> -P 

% Reducing sugars 

Stem > Loaf > Root 

0N> -P 

% Total Bug6u» 

Stem > Leaf > Root 

CN> -~P 

% Nitrate 

Root > Stem > Leaf 

~P>CN 

% Ammonia 

Stem > Leaf > Root 

CN> ~P 

% Amide 

Stem > Leaf > Root 

-P>CN 

% ‘Rest* nitrogen 

Stem > Leaf > Root 

~P>CN 

% Total soluble nitrogen 

Stem > Root > Leaf 

-P> CN 

% Total insoluble nitrogen 

Leaf > Root > Stem 

CN> -P 

% Total nitrogen 

Leaf > Root > Stem 

-P>CN 

Respiratory index 

Leaf > Root > Stem 

CN> ~P 

Inorganic phosphorus 

Leaf > Root > Stem 

CN> -P 

Organic phosphorus 

Stem > Root > Leaf 

0N> -P 
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Abstract 

Chromosomo numbers from moiosis have boon studied in the type species of three genera 
of the Blochnaceao. In Blechnum orientcde and Woodwardia radicans the n number is 34, 
while in Stenochlaerui 'palmtriH it is n = 73. 

The phylogenetic affinity of the much debated genus Stenochlaena is discussed in the 
light of cumulative evidence of characters of its sporophytic and gametophytic generation. 
A new character of value is brought out which consists in the incurving of the margin of the 
fertile pinnae and its significance is discussed. 

Ill this paper cytology of three members of the family Blechnaceae (sensu 
Copeland, 1947) met with in the Darjeeling Himalayas, namely Blechnum orientate 
L., Woodtmrdm radicans (L.) Smith and ^tervochlaena palustris (Burm.) Bcdd. has 
been investigated. There is no dispute regarding the systematic position of the 
first two while the last one is a problematic genus. 

Bower (1028) and Copeland (loc. cit.) consider Stenochlaeua as a Blcchnoid 
member. It has been treated under the Aspidiaceae by Ching (1040) and Dickason 
(1046). Christensen (1038) placed it with Acrostickum in the group of ‘Acrosti- 
choid genera derivated from the Pteridoideae’. In this he was followed by Holt- 
turn (1940, 1054) who placed it in the sub-family Pteridoideae of his large family 
Dennstaedtiaceae. Recently Alston (1956) has included it in the family Poly- 
podiaceae (sensu stricto). 

The cytological data on the Blechnoid ferns is very meagre. The three genera 
Blechnum y Woodwardia, and Stenochlaena have collectively about 225 species but 
to date only a dozen out of these have been worked out. Furthermore, some 
measure of uncertainty exists about the exact basic chromosome numbers of these 
genera. The present investigation deals with the meiotic chromosome numbers 
of the tyi)e species of these genera. 

Bkchnum orientate and Stenochlaena palustris are essentially low-land ferns 
growing very abundantly near Teesta, District Darjeeling, between 500-700 ft. 
altitude. The former is an occupant of rather exposed places along Teesta — Gangtok 
Road, while the latter is a luxuriant climber in the forest alongside the same road 
covering trunks and reaching tree tops. On the other hand Woodtmrdia 
radicans ha., ii extensive range, from Kashmir to Bhootan in the Himalayas 
(Beddome, 1892), occurring on calcareous soil in moist ravines at an elevation of 
3,000-8,000 ft. 

For meiotic chromosome counts the usual aceto-carmine squash technique 
was employed. The fixations were made in Carnoy’s Fluid for 24-48 hrs. Counts 
were made from a large number of mother cells to ascertain the correct number. 
In the of Woodtmrdia radicans the chromosome number was investigated 
from plants growing in two areas, at Mussoorie in the Western Himalayas, and 
Darjeeling, in jihe Eastern Himalayas, in both cases with identical results. 

In both Blechnum orientate and Woodwardia radicans the n number is 34 with- 
out doubt (PI. IV, figs. 1,2; Text-fig. 1). The meiotic chromosomes in the latter 
are somewhat larger than in the former and possess a greater affinity for staining. 
In Stenochlaena palustris, on the other hand, 73 bivalents were counted with cer- 
tainty but these like JSJecAnwm orientoie take light stain (PI. IV, fig. 3 ; Text-fig. 2). 
The meiosis in all the three species is normal and 64 well filled spores are formed 
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Tbxt-Fiq. 1 . Bleohnum orientale. Explanatory diagram to plate IV. 
Fig. 1. n = 34. X 2100. 

Tbxt-Fiq. 2. Stenochlaena paltutris. Explanatory diagram to plate IV. 
Fig. 3. n = 73. X 1600. 



Mmiiua i.\: Bill. 


Prof*. Nat. lust. S(*i. India, Vol. 24. B, Plate TV 



RYPLAKATTON TO PLATE IV. 

I. A sponouot luM' (*(41 of Hlcrhnum ()ricnt(th\ 7i * 'M. 

Ll^^ *i. A sportOnot luM’ coll (if HW/wv//v//</ /W#m/Kv show in^ >/ ‘U. IHIML 

Ki| 4 . Ih 7.’l I)i\ah'ii1s at' inoiosis iii a sporo tiiolhor ooli of StviuManid }>(th(sir}s. 13(K). 




TOGETHER WITH A NOTE ON THE AFFINITIES OF STENOCELAENA 


49 


within a sporangium in each case. The first two plants are diploid while the 
degree of ploidy in the last one cannot be ascertained until more species belonging 
to the genus are worked out. But in all probability this is also a diploid with 
compounded number. 

A perusal of the literature shows that different chromosome numbers have 
been reported for Blechnum ; B, spicant possesses n — 34 and 2n = 68 (Manton, 
1950) while B. orientale, B. cartilagineiim, B. procerum and B. nudum arc reported 
to possess n = ca 33, n ^ 32, n == 56 and w ~ 28 respectively (Manton and 
Sledge, 1954). Copeland (he, cit.) considers the genus to be highly diversified and 
this is fully supported by the different base numbers n -- 28, 32, 34 present within 
the genus. 

Britton (1953) reported n = 36^:1 for Wooduwdia (Anchistea, Presl.) virginka 
while Wagner (1955) found n ” 35 for the same species. In Woodvxirdia (Lorin- 
seria, Presl.) areolata Wagner (loc, cit.) too reported n = 35. But in Woodwardia 
radican>s and W. chamissoi the number is n 34 (Manton and Sledge, 1954). 
Copeland (loc. cit.) considers Lorinseria areolata as a type which he separates from 
Woodmrdia. The cytological evidence supports this segregation. Similarly 
AnchisteE, Presl. typified by A. virginica (n — 35) which has been merged in Wood- 
wardia by Copeland, on the basis of cytology may deserve a generic rank if supported 
by other characters. 

The same chromosome number n — Zi in Blechnum^ and Woodwardia (in part 
at least) confirms a close relationship between the two genera. 

Two species of Stenochlaena have been investigated by Manton (1954) and 
Manton and Sledge (1954), in both cases with uncertain chromosome numbers. 
In S. palustris n is stated to be lO-SO with a probability of 74 and 2n — ca 148. 
The number has now been shown to be w == 73 for this species. In S. tenuifolia 
the report is n = 72 — 74. It is obvious that n — 73 for Stenoefdaena boars no 
relationship with the numbers reported for the other two afore-mentioned genera. 

Affinities of Stenochlaena* : 

Sufficient information has now accumulated on the genus Stenochlaena, based 
chiefly on the much investigated species S. palustris, to justify assessment of 
characters for deducing phylogenetic relationship of this controversial genus. 

The members of the genus are all tropical climbers which possess usually 
pinnate dimorphic fronds with stiff texture and parallel venation. The scales 
borne on the rhizome are ovate-orbicular and unequally peltately attached. 

The anatomy of the stem is highly complicated (Mehra and Chopra, 1951 
The central vascular system is a dicyostele duo to the presence of narrow and 
much elongated foliar gaps and perforations, both of which open in the same fashion 
by the departure of a basal root-trace. This main stelar system is enveloped on 
-the outside by a peripheral double system of smaller strands which form reticulate 
net-works. The peripheral system owes its origin to the basal root-trace strands 
which on their way out leave a residuum of traces in the cortex before passing out 
into the roots. The leaf trace, which arises from the central system, is binary 
(one strand arising from each side of the gap) but is supplemented by several sub- 
sidiary strands from the peripheral system before it enters the petiole. 

The anatomy of fertile pinna is studied by Holttum (1932). In the rather 
thick midrib are present three vascular bundles, two upper and one lower. In 
addition there are present two lateral ones which supply the veinlets to the lamina. 
Besides these a continuous vein designated as ‘soral vein^ runs on each side of the 
'midrib at its junction with the lamina and depressed below the general level of veins 
supplying the lamina. Branches from the latter which supply the sporangia 
similarly lie at a lower level giving a so-called ‘diplodesmio’ condition. 
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The lamina ia soriferoua all over excepting for some distance from the 
margii)^ all along its length. A feature of great phyletic interest which has been 
overlooked by Holttum is that the naked margins of the fertile pinnae are strongly 
reflexed downwards and inwards not only, in the young state but also in the mature 
fronds (Text-figs. 3,4) giving the appearance of a ‘false indusium’. This is very 
similar to what has been figured by Bower (1928) in the primitive species of 
Blechnum belonging to the section Lomaria which possess a poor development of 
the ‘flange’. The ‘incurved indusium’ is 4-6 cells in thickness. The junction 
of the ‘indnsium’ with the lamina is marked on the under-surface by the presence 
of 2™4 rows of somewhat thick walled, wavy, epidermal cells with brown contents 



Text-figs, 3,4. T. S. of a young and mature fertile pinna, (a) incurved margin (6) 
soral vein (c) dark cells at the junction of tho margin and the lamina (d) similar cellfl at the 
junction of the mid-rib with lamina, x 30 


(Text-fig. 6). This region contrasts markedly with the rest of the epidermal surface. 
Similarly differentiated rows of cells are present at the junction of the midrib with 
the lamina. Holttum (1932) figured the margins of the fully ripe fertile pinnae 
reflexed outwards which may probably occur under strong conditions of dessica- 
tion. 

Mixed sporangia of all ages are present in the fertile region. The sporangial 
stalk is much elongated and three rowed. The spores are wedge-shaped and with- 
out a perisporium. 

The gametophyte has been elaborately studied by Stokey and Atkinson 
(1962a). A filament is formed on the germination of spore. Unicellular hairs 
appear rather early in the history of the gametophyte and are abundantly present 
at its maturity. The brick-shaped meristem is apical and located within the 
central notch of the cordate prothallus. The sex organs are similar to those met 
with in the higher leptosporangiate ferns. The basic chromosome number is 
n = 73 (present report). 

Ching’s inclusion of the genus in Aspidiaceae is unjustified on several grounds. 
The spores in Aspidiaceae (senu Ching) invariably possess a perisporium which 
is lacking in Stenochlaena, We have investigated some members of Aspidiaceae* 
anatomically and find fundamental differences in the basic plan of the stelar 
system. There is never a basal root-trace given off in the Aspidiaceae before the 
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opening of a leaf-gap. The root-traces are mimerous and these arise at all levels 
from the meristcles enclosing a leaf-gap. Splitting of the stele through perfora- 
tions such as we find in SknocMaena is not manifested in AspidiHe(‘ae. The leaf- 
trace is mostly formed of more than two «trands. The venation in Aspidiaceae 
is also widely different from that in Stenochlmna. Furthermore, the characteristic 
incurving of the margin of the fertile pinnae cannot be accounted for if we were to 
consider the relationship of StmocMacrui with the Aspidiaceae. It is true that in 
the gametophytic generation the two resemble in the matter of profuse develop- 
ment of unicellular hairs but now these have been shown to be present on game- 
tophytos of ferns of diverse origins (Stokey, 1951). Finally there is no correla- 
tion between the chromosome number % — 41 present in most members of the 
As])idiaceae and n ■= 73 observed in Stenochlaena , 



S 


Tkxt-fio. T). a portion of epidormis from the untior face at the region of incurving 
of margin simwing 4 rows of thick walled colls with brown contents, x 210 

Christensen (1938) and Holttum (1954) relate the genus to Pteroids placing 
it near Acrostichum. This also seems unjustified. In AcroMiclium (as in most 
other Pteroids) the spores are tetrahedral in strong contrast to the wedge-shaj>ed 
ones in Stenochlaem, Then there is a fundamental difference in the \ascular 
system. In Acrostichum the stele is a dictyostele formed in a typical fashion and 
possesses a few medullary strands in the centre which do not contribute to the loaf- 
trace (Thomas, 1905). The position is entirely different in Shnochlaena where 
insteacl of medullary strands, cortical ones are present. The opening of a leaf-gap in 
Acrostichumimever accompaniedby the formation of a basal root- trace. Further, the 
leaftrace in Acrostichum is built on a C-shaped type characteristic of the Pteroids but 
splits early into numerous ones arranged in the same pattern during its departure 
from the caulino stole, while it is binary in StenocMaena, In Acrostichum character- 
istic peltate and lobed paraphyses are interspersed among the sporangia but in 
8ievx>chlaena paraphyses are absent. The gametophytic generation is also widely 
different in the two cases (Stokey and Atkinson, 1952a, c). As in all the other 
Pteroids so far investigated, the gametophyte in Acrostichum lacks emergences of 
any kihd but in Stermhlmna unicellular hairs are present. The meristem in the 
gametophyte of Acrostichum is lateral in strong contrast to its apical position in 
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Slenochlaem, Finally in the strictly Pteroid members sorting from the genus 
Ptem in Copeland’s Pteridaceae including Acrostichnm, the n number is consis- 
tently 29 or 30 (Manton and Sledge, 1964), while n — 73 in Steimchheim bears no 
relationship whatsoever with this nulnber. 

Recently Alston (1950) in his paper dealing with the sub-division of the family 
Tolypodiaceae’ included Stenochhena in the Polypodiaceae (sensu stricto) which 
calls for some comments. His chief arguments for this suggestion are the wedge- 
shaped non-perisporiate spores and peltate scales, characters which are in common 
with the Polypodiaceae. He, however, realises the absence of articulation of the 
frond with the rhizome in Stenochlaena which character is present in the Poly- 
podiaccae. Some members of the Polypodiaceae in which the gametophytes 
have been investigated, like Drymria, Psevdodrymria (Nayar and Kachroo, 1953 
Nayar, 1954) and Pleopeltis (unpublished observations of the authors), unicellular 
hairs are present on the prothalli to a varying degree of the type that are mot 
with in StfMochkiena and this may further be assumed to lend support to this 
relationship. The chief objections to this relationship appear to us to be 
based on completely different general habit of Stenochlaena, stiff texture 
and parallel venation of its fronds and the marked incurving of the 
margin of the fertile pinnae. Again, the stelar system in advanced 
Polypodiaceae is a highly disintegrated schizostele in which the leaf-trace arises 
in a fashion entirely different from Siemchlaem, Several strands of the axis on 
the side of a leaf depart to form a leaf trace and the opening thus caused is repaired 
by the adjacent strands moving in. This is fundamentally different from the binary 
trace of Stenochlaena arising from the margins of the leaf-gap. Also the character- 
istic sclerenchyma strands so commonly present in the Polypodiaceae arc absent 
in Stenochlaena. 

Bower (1928) considered Stenochlaem to be related to the Blechnoid ferns. 
This suggestion was originally put forward by Smith and has recently been uphold 
by Copeland (loc. cit.) who places it along with Blechnum, Woodumdia, and a few 
other genera in the Blechnaceae. This relationship is well supported on the basis 
of cumulative evidence of characters other than the basic chromosome number 
which itself is shown to be variable not only within the family but even within 
members of the same genus. The general habit of the plant, the stiff texture of 
fronds and parallel venation match very well with species of Blechnum. excepting 
that Stenochlaena is a climber. But Copeland reports that some species of Blechnum 
have scandent rhizomes. The basic pattern of the main stelar system in Stenochlaem 
is in conformity with what is described by Kachroo (1956a) for Blechnum and with 
the other members of Blechnaceae so far worked out although in no species it is 
complicated by accessory cortical system of strands. The incurved margin of the 
fertile pinnae in Stenochlaem is reminiscent of a similar situation in primitive 
member of Blechnum (Lomaria section) in which the development of ‘flange’ is 
rudimentary. The sporangia possess a three-rowed stalk and the spores are wedge- 
shaped and without a perisporium in both. The earlier stages of germination of 
the spore in Blechnum and Stenochlaem are alike and even the mature gameto- 
phytes have a good deal in common, particularly in the profuse development of 
unicellular hairs (Stokey and Atkinson, 1952a, 6). These authors, however, remark 
that in the two species of Blechnum, B. spicant and B. bueJUienii studied by them 
the antheridia have an elongated basal cell giving a clavate appearance to the 
antheridium unlike the position in Stenochlaem palustris where the basal cell is 
funnel-shaped and the antheridium globular. This situation described for the 
above two species of Blechnum may not be true for the genus as a whole for in 
B. orientale Kachroo (19566) subsequently reported the basal cell of the antheridium 
to be funnel-shaped and the general form of the antheridia globular. The sum 
total of all these characters leads one to conclude that a real phylogenetic relation- 
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ship exists between Stenochlaem and the members of the family Blechnaceae 
particularly the genus Blechnum. 
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Abstiuct 

1 . Tho cytology of nino species and a few varieties of the genus Lycopodium indigenous 
to South India is (lescribed. 

2. Tho different species of the genus investigated in this study are found to possess 
chromosome numbers like n ~ 48, n = 104, n — 136 and 2n ~ ■ o.405. Those data taken 
together with previous observations show that basic numbers like 11, 12 , 13 and 17 are charac* 
teristiiJ of this genus. In the possession of more than one base number in the different species 
of a single genus, Lycopodium is remarkably different from tho other genera of primitive Ptori- 
dophytes. 

3. It is obsorv^ed that species with a predominant vegetative mode of reproduction like 
L. selngOy L. lucidulum (and Phylloglossum drummondii) show irregular meiotic behaviour. 

4. L, lucidulum is shown to bo probably of hybrid origin. 

5. Cyto-taxonomic evaluation of the various subgenera of tho genus Lycopodium has 
shown that the scheme of Walton and Alston is more acceptable. It is suggested that tho 
genus Lycopodium may be retained with due recognition of the subgenora, the arrangement of 
which should bo revised, taking into account data of chromosome numbers to supplement other 
relevant criteria. 


Introduction 

Tho Lycopods are a great group of primitive miorophyllous Pteridophytevs, 
consisting of four living genera, Lycopodium y Phylloghsmmy Sdagindla and 
IsoeXes. Traceable back in geological history to the Carboniferous period in 
which they reached tho climax of their development, the Lycopods were repre- 
sented by many genera and a great number of species, most of which were 
characterised by an arboreal habit. Though the living genera differ markedly 
from their fossil relatives in habit, in the lack of secondary growth and in many 
other features, the fossils Lycopodites and Sdaginellites from the Upper Carboni- 
ferous strata have shown the probability that forms similar in habit to Lycopodium 
and Selaginella and perhaps referable to these genera existed even in such a remote 
period (Eames 1936). The finding of the Devonian Drepanophycus and the Silurian 
Baragwauathia (Lang and Cookson 1935) and the discovery of Lycopodiaceous 
shoots in tho Middle Cambrian of Bast-Siberia (Kryschtofowitch 1953) indicate 
that the Lycopodiaceous stock can be traced still further back in time. 

The living genera can be sharply separated into two groups: (1) eligulate 
forms with homosporous fructifications and (2) those which are ligulate and 
heterosporous. Lycopodium and Phylloglossum are assigned to the former group 
while Selaginella and Isoetes come under the latter. The monotypic Phylloglossum 
is confined to Australia and New Zealand, and as no material was available it is 
excluded from the present study. The cytology of Isoetea and SelagineUa is 
reported elsewhere (Abraham and Ninan 1968, Ninan 1968a). The present paper 
deals with the cytology of nine species and a few varieties of Lycopodium indigenous 
to South India, 
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The genus Lycopodium, with nearly 100 species (Eames 1936), possesses wry 
distinctive features and has a cosmopolitan distribution though it occurs in grater 
abundance in the tropical and subtropical^ forests. In spite of the world- wide 
distribution and the great phylogenetic iniportance of this group, the cytology 
of only a few species has appeared in previous reports. Difficulty in procuring 
fresh material at the right stage and the peculiar technical problems associated 
with their study account for this. Manton (1950) has very rightly pointed out 
that Lycopodium is the most awkward genus of the Pteridophytes for cytologi- 
cal study”. 


Material and Methods 

The materials used in this study were collected from different localities in 
South India and grown in the Botanical Garden of the Kerala University. Some 
of the epiphytic species of Lycopodium like L, squarrosum, L. macroslachys, L. phh- 
gmaria etc. thrive very well under green house conditions. The terrestrial species 
like L, vernicomm, L. lucidulum, L. wightianum etc. characteristic of higher eleva- 
tions do not grow satisfactorily when brought to the plains, though they may 
survive for a few seasons in the green house. 

Fixations for cytological study were made from wild materials wherevei 
possible. In certain cases the transplants also provided material for study. The 
fixative used was a modified proportion of Carnoy’s fluid (Ninan 1955). Actively 
growing tips of strobili (or shoot apex with young sporangia) were fixed for study 
of meiosis in spore mother cells. In nearly all cases successful fixations for meiosis 
were made between 1 p.m. and 3 p.m. 

Lycopodium is a difficult cytological material ; the spore mother cells are thick- 
walled and it is not easy to break them and get well spaced out chromosome pre- 
parations. Secondly, the spore mother cells in most cases are found to contain 
globule-like bodies making exact cytological interpretation difficult. Added to 
those, the peculiar chromosome structure in certain species and the tendency for 
clumping make the Lycx)podiums the most difficult cytological material among 
the Pteridophytes. The fixative containing chloroform proved to be very helpful 
in dissolving out the globule-like bodies and facilitating spreading of the chromo- 
somes when pressure was applied to the cover glass. Sporangia were fixed for 
nearly a week and a change to fresh fixative was made before smearing. Certain 
species like L, ItLcidulum combine all these difficulties with irregular pairing and 
extreme diffuseness of chromosomes, making exact cytological interpretation almost 
impossible. 


Cytological Observations 
Lycopodium hamiltonii Spring. 

The first material to yield a satisfactory preparation was L. hamiltonii Spring. 
This was collected from Ponmudi (3,500 ft.) and Kodaikanal (7,000 ft.). The 
Kodaikanal material was epiphytic and pendulous on tree trunks while the 
Ponmudi material was found to grow on the surface of moist rocks along with 
mosses and grasses in exposed areas. L. hamiltonii Spring, var. petiolatum C.B. 
Clarke {L, taxifolium Spring.) was also obtained from Kodaikanal. L. hamiltonii 
is characterised by the lack of specialised cones ; the sporangia were distributed 
in the axils of unaltered leaves in the upper part of the stem. Cytological examina- 
tion of the Ponmudi materials showed 136 bivalents at first metaphase of meiosis 
(PI, V, fig. 1 and Text-fig. 1). The same number of bivalents has also been 
observed in the Kodaikanal material. The meiotic chromosomes of this species 
are fairly large compared to those of the other species and have quite normal shapcb 
unlike the “antenna-like*' bivalents reported for L. inundatum (Manton 1960). 

2 
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Tkxt-itigs. 1-6 

Explanatory diagrams of figures 1-6 on Plato V, reproduced at the same magnification as tl^ 
photographs, (all x 1000). 

Fig. 1. Lycc^ditm hamiltonii spring, n -= 136 5 ig. 2. L, macroatachys Spring n = 136 

Fig. 3. L. aquo/noavm Forst. n = 13«i Fig. 4. L. aqmrroatm Forst. n = 133 

Fig. 6. L. iffightianim Wall ex. Hook & Grev, ni=48 Fig. 6. L. vemicoaum Hook A Grev, nn:::136 
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L. vemicosum Hook. & Grev. 

Baker (1887) considers this as a form of L, hamiltonii with “much reflexed 
leaves’*. They resemble the latter species in external appearance ; but are usually 
of shorter stature with a number of lower leaves almost always drooping down 
and persistent even after drying up. The stem is densely tufted. This species 
has been collected from Ponmudi (3,500 ft.). They are seen to occur in plenty 
at the top of an exposed hillock on moist rocks along with mosses and grasses. 
Cytologically, this species is similar to L. hamiltonii ; one hundred and thirty-six 
bivalents are present in spore mother cells (PI. V, fig. (5 and Text-fig. 6). The meta- 
phase chromosomes of this species, unlike those of L. hamiltonii^ are more fuzzy 
and exhibit a tendency for clumping. There is no appreciable difference in chromo- 
some size. 

L, sqmrrosum Porst. [— L. ulicifolium (Vent.) Hook.] 

The largest epiphytic species of Lycopodium indigenous to this area is 
i. sqmrrosum. This species occurs in several places in the Western Ghats and 
was collected from Ponmudi and Munnar areas (2,500-3,000 ft.). This is charac- 
terised by the possession of pendulous shoots, one to two feet long and two to 
three times dichotomously forked. Preparations of meiosis from wild materials 
of this species collected from Ponmudi (epiphytic on a large rock) showed the 
presence of 136 bivalents in si)ore mother cells (PI. V, fig. 3 and Text-fig. 3). The 
Munnar material also showed the haploid number of n = 136. However, materials 
from one of the earlier collections from Ponmudi (epiphytic on tree trunks) showed 
138 bivalents in a spore mother cell (PI. V, fig. 4 and Text-fig. 4). The meiotic 
cliromosomes of this species are almost comparable to those of L. hamiltonii in 
size and appearance. 

L. macrostachys Spring. (L. phyllanthum Hook. & Am.) 

This is another epiphytic species usually found growing on the trunks of huge 
trees at higher elevations. They form very big clumps and are characterised by 
luxuriant vegetative growth. One such clump was recently collected from Pon- 
raudi. The enormous size of this can be well appreciated from the fact that it 
had over 500 shoots. In this species, the shoots are more fleshy and stout and 
the leaves are moderately dense, spreading, with revolute edges and distinct 
midrib, and larger than those of any other si)ecie8 collected so far. The strobili 
are highly differentiated from the vegetative axis and are dichotomously branched 
a few times. In certain materials of this speices, the growth of the strobili is seen 
to continue and give rise to vegetative shoots. This species occurs in several 
places in the Western Ghats namely, Ponmudi (3,500 ft.), Poringalkuthu (2,500 ft.), 
Thekkady (2,000 ft.) etc. Cytological examination of the Ponmudi material showed 
136 bivalents in spore mother cells (PI. VII, fig. 11 and Text-fig. 11). The bivalents 
are of quite normal shapes and closely resemble those of L. sqmrrosum. The same 
number of bivalents has also been observed in spore mother cells of all the other 
materials of this species collected from different localities. 

Another variety of L. macrostachys obtained from Kodaikanal hills (7,000 ft., 
showed much thicker strobili, reaching almost a foot in length. Cytological exami- 
nation of this also showed the chromosome number to be exactly n ^ 136 (PI. V, 
fig. 2 and Text-fig. 2). The bivalents here again are of normal shapes and almost 
comparable to those of the Ponmudi material. 

L\ phlegmaria L. 

This is another epiphytic species occurring in similar habitats as L. macrostachys 
and almost resembling it in external appearance. Unlike the former, the vegeta- 
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live axis in L. pMegmaria is less stout and pendulous. The strobili which are highly 
dilWrontiated from the vegetative shoots are profusely branched in a dichotomous 
manner and are very slender. In external appearance, this closely resembles 
L. nummularifolium. L. phlegmaria grows in several places in the Western Ghats, 
like Ponmudi, Munnar, Thekkady and Poringalkuthu. This is the only species 
of Lycopodium so far found in coastal areas. It was collected from Sherthalai 
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Tkxt-wos. 7-8 

Explanatory diagrams to figuros 7-8 on Plate VI, reproduced at the same magnification as the 
photographs, (both figures X 1000). 

Fig. 7. L, pMegmana L. » = 136 

Fig. 8. L, luoiMim Miohx. 2n ~ 0.405. 
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(flea-coast), from a CalophyUum inophyllum tree on which it was growing epiphyti- 
cally. Epiphytic races of this arc also seen to occur in the plains. Chroi^some 
counts oin — 136 were made from materials collected from all the above localities. 
The meiotic chromosomes in the Sherthalai material of this species are illustrated 
in PL VI, fig. 7 (see also Text-fig. 7). 

L. setaceum Hamilt. 

This epiphytic species was collected from Ponmudi, Poringalkuthu and 
Muthukuzhivayal in the Western Ghats. The Muthukuzhivayal material was 
considerably different from the other two in external appearance. However, 
cytological examination of all the three gave identical results. One hundred and 
thirty-six bivalents were counted from spore mother cells. The illustration (PI. VII, 
fig. 13) shows the meiotic chromosomes of this species collected from Poringalkuthu. 
Meiosis in the Muthukuzhivayal material is illustrated m Text-figure 14. The 
meiotic chromosomes of this species arc slightly smaller than those of all the other 
species with w ™ 136. 

L. cernuum L. 

This terrestrial species is very common on way sides at higher elevations. 
It is also seen to occur in certain areas in the plains. The vegetative shoots are 
highly branched, each branch at maturity ending in a compact cone. The branch- 
ing in this species is apparently monopodial. Chromosome counts from materials 
of this species collected from Trivandrum showed 104 bivalents at metaphase of 
meiosis (PI. VII, fig. 12 and Text-fig. 12). The bivalents in this species are seen 
to be much smaller than those of all the other species investigated in this study. 

L. wightiamm Wall, ex Hook. & Grev. 

This is typically a terrestrial species occurring in abundance around the 
Fairy Falls, Kodaikanal hills. This is characterised by the possession of wide- 
trailing stems with many ascending branches and branchlets. Cytological exami- 
nation of materials of this species fixed at Kodaikanal and brought to Trivandrum 
showed the presence of 48 bivalents in spore mother cells (PI. V, fig. 5 and Text- 
fig. 5). The bivalents at diakinesis exhibit very peculiar shapes and are of different 
sizes, presenting difficulties in interpretation. Hence it is very difficult to get 
clear chromosome counts even though the number of bivalents is relatively low. 
This species exhibits the lowest number of chromosomes in any species of 
LycopMum investigated in the present study. 

L. lucidulum Michx. (=^ L, reflemm Sw.) 

This terrestrial species was obtained from Bear Shola, Kodaikanal hills. II 
grows abundantly on the sides of a stream in a shady place. The plant is smalt 
and the stem suberect and one to three times dichotomously forked. The stem 
is covered by a large number of closely arranged leaves which diverge away in a 
drooping manner. This species is further characterised by the presence in the 
axils of the upper leaves, of “bulbils” which drop to the ground and develop into 
new plants, l^om careful examination made in several seasons it appears that 
vegetative propagation is well established in this species. 

The cytological difficulties inherent in the Lycopodiums reach the climax in 
L. lucidulum. The meiotic cliromosomes in this species are very fuzzy structures 
Vith diffuse outlines and the pairing is very irregular. Some of the bivalents (or 
multiyalents, if they are present) can hardly be distinguished from some of the 
univalents. This makes quantitative enumeration of chromosome number very 
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difficult. Chromosome counts even from very clear and well spaced out propara- 
tion^an therefore be only approximate. As Manton (1950) has suggested, the 
actual number is not as significant as the presence of univalents. One hundred 
and eighty bivalents and 45 univalents* were counted from a clear preparation of 
a spore mother cell (PI. VI, fig. 8 and Text-fig. 8). The sporangia used in the study 



Text-figures 1 1-14 

Fig. 11. Explanatory diagram to fig. 11 on Plat© VII, showing 136 bivalents in L. wacro- 
etachy$ Spring, (variety with short strobili). X 1000. 

Fig. 12. Explanatory diagram to Plate VII; fig. 12 w = 104. x 1000. 

Fig. 13. Explanatory diagram to Plate VII, fig. 13 showing n ~ 136 in L, eetacemi 
Hamilt. x 1000. 

Pig. 14. Diagram of meiosis in L. setaceum Hamilt. (variety from Muthukuzhivayal). 
n « 136. X 1000. 
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of meiosis were fixed in the field and preparations of meiosis were made i^*^wo 
consecutive years. Irregular pairing was seen to be a constant feature in all the 
preparations of meiosis and it is believed from this, that the failure of pairing is 
not duo to metabolic causes (as is seen m certain garden materials in the first 
season of transplanting), but to lack of homology among the chromosomes. This 
was further confirmed from spore mother cells showing bivalents and lagging 
univalents at first mctaphase of meiosis (PI. VII, fig. 9). Laggards were also seen 
at first anaphase of meiosis (PI. VII, fig. 10). The irregular pairing therefore is in 
all probability an indication of hybridity. If it is really so, it would suggest com- 
parison to the situation encountered in L. selago, described by Manton (1950) as 
‘‘the most ancient impure species cytology has so far detected”. Failure of chromo- 
some pairing at meiosis has also been demonstrated in the related species Phyllo- 
glossum drummondii Kunze (Blackwood 1953). On comparison of these three 
species it is seen that vegetative propagation through “bulbils” is characteristic 
of L, selago and L, lucidulum while Phylloglossum propagates through “tubers”. 
The prevalence of accessory methods of propagation in these species may be related 
in some way with the abnormalities in the meiotic process — the disadvantages 
arising from a defective meiosis might be counter-balanced by the parallel attain- 
ment of a vegetative mode of reproduction. 

Though other species like L. serratum, L. davaixim, L. nummularifolium, 
L. suhnlifolium, L, casuamioides etc. were obtained, they could not be studied 
due to lack of sporangial material at the proper stage of development. It may 
be possible to report on them on a later occasion. 


DiSCUvSSION 


Phylogeneiic considerations : 

On comparison of the observed chromosome numbers with previous reports 
on the cytology of this genus, the first and the most striking thing that one gathers 
is the remarkable variation of chromosome numbers exliibited by the different 
species of this genus. The list of chromosome numbers of the species so far investi- 
gated is given in the table below. 


Table I 

Chromosome numbers in Lycopodium 
(Present study) 


species 

source 

chromosome number 

L, lucidulum Michx. 

S. India 

irregular meiosis 
(2n = C.405) 

L. hamiUonii Spring 


n -= 136 

Ir. uemicosum Hook & Grev. 


n = 136 

L. squarrosum Porst. 


n 136 

L. rmcfostadiys Spring 

>» 

n- 136 

jD. phlegmaria L. 

>* 

n == 136 

L» setaceum Hamilt. 


n = 136 

L: cemuum L. 

99 

104 

L* unghtianum Wall, ex Kook. & Grev. 

99 

n=:: 4B 
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Table I (contd,) 


(Previous reports) 


species 

» 

source 

chromosome 
number 
n 2n 

author 

L, inundntum L. 

Scotland 

78 



Manton 1950 

L, annotinum L. 

Sweden 

34 

— 

>> 

L, annotinum L. 

Lake District 

— 

c. 68 


L, clavatum L, 

>» 

34 

68 

9* 

L, selago L. 

>» 

irregular 

c. 260 


L, alpinum L. 

Wales 

24-25 

c. 48 

»> 

L. clamtum L. 

N. America 

— 

c. 60 

Dunlop 1949 

>» 

L. complanatum 

>» 

— 

40 

L, annotinum L. 


— 

c. 50 


L. obscurum 


. — 

c. 50 

», 

L. complatiaium 

— 

22 

— 

Harmsen (cf. 
Delay 1953). 

L. clavatum L, 

— 

14 

— 

Baranov 1925 

L. clavatum L. 

N. India 

34 

— 

Mehra and 
Verma 1957 

L, nikoense 

Japan 

34 

— 

it 

L, lucidulum Mich. 

N. India 

132 

— 

tt 

L, setaceum Hainilt. 

» 

165-170 

— 

it 


(In scrutinising the above list it is at once obvious that some of the earlier 
observations are incorrect and based on erroneous interpretations. Manton (1950) 
alone of all the authors has given credible photographic evidence of chromosome 
preparations. Others have provided only diagrams of chromosomes, which by 
itself is no convincing evidence, especially in view of the fact that they are con- 
flicting observations. In the present study the author has adopted the principle : 
‘Vhat cannot be photographed cannot be used as evidence/' (Manton 1950). For 
purposes of discussion therefore only those data which are well authenticated alone 
will be referred to.) 

The haploid numbers n = 78 and n — 104 in L. inundaium (Manton 1950) 
and L. cernuum (present study) respectively are traceable back to a basic number 
of 13. It is already shown from evidences of chromosome numbers in ancient 
genera like pHiloium, MaraUia, Matonia, HymenophylluMy Dicrariopteris etc. that 
chromosome number 13 might have been widely prevalent in the past in primitive 
groups of Pteridophytes (Manton 1950, 1954 ; Manton and Sledge 1954 ; Ninan 
19566, c). It is very interesting to note that the primitive genus Lycopodium also 
exhibits in some of its species numbers which are referable to 13 chromosomed 
ancestral types. Haploid numbers like w = 34 in L. clavatum (Manton 1950, 
Mehra and Verma 1967), L. annotinum (Manton 1950) and L. nikoense (Mehra and 
Verma 1957) and n = 136 in South Indian speies like L, Mmiltonii, L. macrosta- 
chys, L, vemicosum, L, setaceumy L, phUgmana and L, squarrosum observed in the 
present study clearly show that they might have had a common cytological origin, 
presumably from 17 chromosomed ancestral types. L. alpinum (Manton 1950) 
and L. wigfUianum (present study) with haploid numbers like n ^ 24—26 
(2n = C.48) and n 48 respectively represent another distinct evolutionary line, 
probably from ancestral types with 12 as the basic chromosome number. Harm- 
sen’s report (Delay 1963) of 2n ~ 22 in L, complanatum and the purported presence 
of chromosome numbers in multiples of 11 in a few species of Lycopodium (Mehra 
and Verma 1957) show that the basic number 11 is characteristic of some species 
of this genus. Other primitive genera like laoeles (Abraham and Ninan 1968) and, 
Osmundk (Manton 1960, 1954 ; Ninan 1966d) also show the base number 11. It 
is thus seen that all the investigated species of the genus Lycopodium (with authen- 
tic chromosome counts) are referable to basic numbers like 11, 12, 13 and 17. In 
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this respect the genus Lycopodium provides a striking contrast to the situo^Won 
in other genera of Pteridophytes, most of which show in the different species of 
a genus, numbers which are exact multiples of a base number characteristic of 
that genus. Haploid chromosome numbers like n = 120, 240, 480 etc. in species 
of Ophioglossum (Ninan 1966a, 19686) and those like 7^ = 11, 22, 33, c.66 etc# 
in Isoetes (Manton 1960, Abraham and Ninan 1968) are examples to this. In the 
leptosporangiate ferns also, the same relationship between the various species of 
a genus is found to hold good. However Lycopodium shows a different cytological 
situation in possessing different basic numbers in different species. But fossil 
history tells us that the Lycopodiaceous stock is referable back to the Siluro- 
Devonian strata, and the surviving species need be regarded only as representing 
end members of distinct phyletic lines, though in view of the stereotyped mor- 
phological features and close similarity in technical characters, some of them 
have come to be considered as constituting different species of a single genus. 
As Manton {I960) has remarked “the cytological evidence as a whole can only 
underline their complete dissimilarity from one another, and one must recognize 
in them representatives of phyletic lines which have been so long separated that 
their cytological connexion, if it ever existed, has become completely obscured. 
They seem now to be far more different from each other than are the genera or 
even groups of genera of the Polypodiaceous ferns. This is perhaps a sign of anti- 
quity”. 

Cylo-iaxonomy of the genus Lycopodium : 

All the species of the Lycopodiaceae, with the exception of the monotypic 
Phylloglossum, are united into the single genus Lycopodium, Goebel (1930) divides 
this comprehensive genus into five groups, taking into account the characters of 
the gametophyte. The five groups according to Goebel are Selago, Phlegrmria, 
Cernuum, Clavatum and Complanatum, Pfitzer recognizes two subgenera based 
on the character and arrangement of the sporophyll, namely, Urostuchya (including 
two sections, Selago and Phlegmaria) and Rhopalostachya (with three sections, 
Inundata, Cernuwi and Clavata), Baker’s (1887) scheme of classification, again 
based on character and arrangement of sporophylls, recognizes four subgenera, 
Selago, Subselago, Lepidotis and Diphasium, each of which is again subdivided 
into different sections. Walton and Alston (1938) proposed another scheme follow- 
ing that of Herter in the main. This recognizes six subgenera, Urostachys, Clam- 
tostachys, Complanatostachys, Cemtu)stachys, Inundatostachys and Lateralistachys, 

The above systems of classifications, with the exception of that of Goebel, 
are based on the character and arrangement of sporophylls. It is clearly evident 
that any classification which does not take into account data for comparison from 
as many criteria as possible cannot be natural. Taking Baker’s scheme, for instance, 
it is seen that there are certain obvious discords in it in the light of evidence from 
cytology. The table provided below would serve to illustrate this. 

It is clear from the table that Baker’s subgenus Lepidotis is a heterogeneous 
assemblage of species with haploid numbers like n — 136, 104, 78, 34 and 
24-26 which in turn are traceable to base numbers like 17, 13 and 12. In the 
Clamtum section of Lepidotis itself are included species like L. clavatum and 
L. annotinum with n = 34 and L. alpinum with n = 24 -25. In a natural arrange- 
ment of these species, it is essential that if morphological evidences would provide 
sufficient warranty, species which are evidently related in a cytological sense should 
be grouped together. In that case, it is necessary to remove the Phlegmaria section 
of Baker’s subgenus Lepidotis to the subgenus Selago to which may be merged 
,the next subgenus Subselago, The single large group which would thus result 
would be traceable to a basic number of 17. Turning now to the scheme of Walton 
and Alston (1938), it is seen that exactly these three sections (Selago, Subselago 
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Table II 

Chromosome numbers in Lycopodium species 
(arranged according to Baker’s system) 


section 

species 

chromosome 

number 

basic 

number 


Subgenus 

: Selago 



♦L. selago 

2n = C.260 

17? 

Selago 

L, lucidulum 

2n = c.40r) 

17? 


L, hamiltonii 

n = 136 

17 

Taxifolium 

L. setaceum 

n = 136 

17 


Subgenus : 

SubseUigo 



L. squarrosum 

n ^ 136 

17 


Subgeiius : 

Lepidotis 


Inundatum 

*L. inundatum 

n=- 78 

13 

Phlegmaria 

L. phlegmaria 

n =- 136 

17 


L. macrostachys 

n = 136 

17 

Cemuum 

L, cemuum 

n = 104 

13 


*L, clavatum 

n - 34 

J7 

Clavatum 

*L. annotinum 

n = 34 

17 


*L, alpinum 

n = 24-25 

12 


Subgenus : 

Diphasium 



L. wighiianum 

oc 

11 

12 


'•‘Reports of Manton (1950). Other determinations are made in the present 
study. 


and Phlegmaria) arc united by them to form the subgonus Vrostachys. Species 
with a basic number of 17 in the Clavatum section (L. ^vatum and L. annoiinum) 
are evidently related to the Phlegmaria section in a cytological sense. However, 
Walton and Alston regard the Clavatum group of species as a distinct subgenus, 
the Clavaiostachys. Both the Urostachys and the Clavatostachys of Walton and 
Alston are thus seen to have the same basic chromosome number. However, in 
view of the morphological differences exhibited by the two groups, Walton and 
Alston’s treatment of them as two distinct subgenera seems quite justified. The 
morphological distinctness of the Inundatum and Cemuum sections has been stressed 
by all the authors. Walton and Alston raise them to the status of subgenera. 
The present study of representative species of these two subgonera has shown that 
despite morphological differences they are cytologically related in the possession 
of a common basic number 13. To make further discussions on the scheme of 
Walton and Alston, knowledge of chromosome numbers from representative species 
of the other subgenera is necessary. However, as far as is known, the scheme of 
Walton and Alston seems to be the most satisfactory. Further knowledge of 
chromosome numbers of different species is likely to be helpful in arriving at more 
correct taxonomic grouping of this complicated genus* 

The question now remains whether or not the various subgenera should bo 
raised to generic rank. Campbell (1939) remarks : “the differences shown by the 
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gametophyte" and sporophyte are so great that it does not seem logical to ^efer 
all the species to a single genus/’ Herter raises the subgenus Urostachys to generic 
rank (Walton and Alston 1938), As far as this genus is concerned, the erection 
of new genera out of one or more of thp subgenera is not warranted in the light of 
cytological evidence, since the same basic number is seen to be repeated in more 
than one section. The genus Lycopodium may be retained as such with due 
recognition of the various subgenera, the arrangement of which should be revised 
on the lines indicated above. 

It is generally conceded that forms without definite cones are the more primi- 
tive and that specialisation into definite strobili is an advanced character. Bower 
(1935) holds that vegetative leaves are sterilised sporophylls and that the most 
primitive types are those in which almost every leaf bears a sporangium. L. com” 
pactum^ L. trencilla, L. lucidulum, L. selago etc. would accordingly represent the 
most primitive types, while L. wightianum, L. cernuum etc. have to be taken as 
relatively advanced. Cytological study shows that species like L. selago^ L, Ittcidu- 
lum etc. have comparatively high chromosome numbers {2n ~ 260 in L, selago and 
2n “ C.405 in L, lucidulum) and while this may be taken as an indication of relative 
antiquity of the species concerned, it is by no means a primitive chromosome situa- 
tion. 
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Explanation op Plates 
Plate V 

Fig. 1. First meiotic metaphase in a spore mother cell of Lycopodium hamiltonii Spring, 
from Ponmudi showing 136 bivalents, x 1000. 

Fig. 2. A spore mother cell from the Kodaikanal material of L, macroatachya Spring, (with 
long strobili). The number of bivalents is 136. x 1000. 

Fig. 3. Meiotic metaphase in L, aquarroaum Forst. from Ponmudi showing 136 bivalents 
in a spore mother cell, x 1000. 

Fig. 4. Meiosis in L, aquarroaum Forst. from Ponmudi area showing 138 bivalents in a spore 
mother cell, x 1000. 

Pig. 6. Meiotic metaphase in a spore mother cell of L, wightianum Wall, ex Hook. & Grev. 
from Kodaikanal. n = 48 x 1000. 

Fig. 6. A spore mother cell from the Ponmudi material of L. vemicoaum Hook. & Grev., 
showing 136 bivalents at metaphase of meiosis. x 1000. 


Plate VI 

Fig. 7. Meiosis in L, phlegmaria L. from Sherthalai (sea-coast), n s== 136. x 1000. 

Fig. 8. Diakinesis in L, lucidulum Michx. 180 bivalents and 45 univalents are present (for 
explanatory diagram see Text-flg. 8). x 1000. 

Plate VII 

Pig. 9. A side view of the metaphase plate in a spore mother cell of L, lucidulum Michx. 
showing bivalents and univalents, x 1000. 

Fig, 10. Anaphase in a spore mother cell of L, lucidulum Michx. showing irregular separation 
and lagging of chromosomes, x 1000. 

Fig, 11, First meiotic metaphse in L, macroatachya Spring, (with short strobili). n = 136. 
XlOOO. 

Pig. 12. Meiotic metaphse in a spore mother cell of L, cemuum L. 104 bivalents are present. 

X 1000. 

Pig. 13, Metaphse I in a spore mother cell of L, aetaceum Hamilt. showing 136 bivalents.* 

X 1000, 


leaned April 26, 1968, 
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A NEW APPROACH TO THE STUDY OF GROWTH-GRADIENT IN THE 
SEGMENTS OF THE SECOND PAIR OP CHELIPEDS OP THE INDIAN 
FRESHWATER PRAWNS. PALAEMON HENDERSONI DbMAN 
(CRUSTACEA : DECAPODA PALAEMONIDAE) 

by R. K. Misba, University of Saugar 

(Communicated by W. D. West, F.N.I.) 

{Received September 9; read December 6, 1957) 


Abstract 

The author of the present paper has mentioned (Misra, 1957) that the simple allometry 
formula should bo regarded as only a valuable first approximation of the more general 
formula on differential growth viz. 

where 6, o, a and c are constants. 

In the present paper study of growth-gradient within the five segments, Is., Me., Ca., 
Pro. and Dac., of the second cheliped of a sample of 90 male and 69 female freshwater prawns 
of PaUtenion liendersoni DeMan has been done in the light of this new formula in which it has 
been shown by the author (op. cit.) that the equilibrium constant a of the simple allometry 
formula should bo replaced by P where, 

p = a + (o-f oa; log^ x. 

The following points, in particular, have been noted : — 

(i) As anticipated by Huxley (1932), the values of the equilibrium constant a for 
the cheliped or its segments are, within the limits of error probably due to the 
fluctuations of sampling and insuJfficient size of the data, only the means of the values 
of corresponding P calculated for different values x of the carapace length. 

(ii) It is seen that there is a progressive change in the successive values of the growth - 
coefficient. Thus, the first phase of growth in the male cheliped starts with a high 
point in Ca., which shifts towards the end of the phase to Me. In the female it 
shifts from Pro. to Me. The second phase of growth in the male cheliped starts with 
only one high point (at Pro.) and later another high point, though less steep than 
tlie first, developes in Me. 

(iii) The growth -gradient graph, as exhibited by the a values (which has so far been the 
method commonly followed) does not indicate the final order of values of the growth- 
coefficient for the segments of the cheliped. On the other hand, as the a values 
are identical with the values of moan P, it can be said to show a pattern obtained 
by pooling together of the patterns in the various stages of growth during a phase. 

dp 

(iv) The values of , , associated with the values of P, give proper assessment of the 

(JUXi 

significance of the shift and of the existence of the growth-centre within the cheliped. 

(v) It is interesting to note from the present study that the growth pattern in the female 
cheliped need not be identical with the one in the male (I Phase). In this connection 
certain points have been discussed in the present paper to compare the growth be- 
haviour of the male cheliped with that of the female. 

Intboduotion 

Early this century it has been shown by D’Arcy Thompson (1942) and others 
that with the increase in the body size there takes place a gradual change in the 
relative sizes of parts in all organic forms, except some of the simplest ones. The 

VOL. 24, B, No. 2. 
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fret, however, that an organic form is the result of the differential growth was 
successfully established by Julian S. Huxley (1932) who showed by actual quanti- 
tative analysis that the relationship, 

y — hot^ (now written as y — 6a:®), 

called the simple allomctry formula or equation, between the body size x and the 
organ size y occurs in most of the animals and plants. Huxley and others have 
demonstrated the immense importance of the simple allometry formula in studying 
various cases such as those in which the change of proportions in parts of an adult 
form takes place cither with the progressive increase in the body size in species 
of animals which are related with one another or in an evolutionary course. 

Although there has been severe criticism about the applicability of the allo- 
metry formula in theory as well as in practice, its importance has undoubtedly 
to be recognised in certain matters such as the opening of an entirely new approach 
that the formula has been able to make in explaining the occurrence of growth- 
gradient patterns in a limb whose rate of growth is different from that of the body. 
It can be said that it has increased the value of (although very novel but incomplete 
owing to absence of a definite mathematical expression) the method of Cartesian 
transformation as suggested by D’Arcy Thompson (op. cit.), to explain the inherent 
commonness in shapes of related forms which apparently look like different species. 

Some of the accepted shortcomings of the allometry formula have been 
pointed out by Huxley (op. cit.) himself. Thus, the constant value of a used in 
allometry is unable to explain the gradual change in the growth activity that must 
be taking place within and between parts of region under study, which can be 
explained properly only by a progressively changing value of the growth-coeffi- 
cient from point to point along the axis of an organ. 

The author of the present paper has already mentioned (Misra, 1957) that the 
simple allometry formula should be regarded as only a first approximation to the 
general formula of differential growth, for which the following expression has been 
derived : 


y = . . . ( 1 ) 

where 6, a, a and c are constants. 

In the present paper study of the growth-gradient in growth intensity of the 
lengths of the joints Ischium, Merus, Carpus, Propodus and Dactylus (for which 
the abbreviations Is., Me., Ca., Pro. and Dac. will be used henceforth) has been 
made in the light of this new formula, in which it has been shown by the author 
(op. cit.) that the equilibrium constant a of the simple allometry formula should 
be replaced by p where, 


p™ oi+(a+c)x+ax log, x ... (2) 

In crustacean chelipeds there are seven such joints, but out of these the first 
two, viz. coxa and basis, are firmly fused with Is. and are of insignificant length 
when compared to the total size of the cheliped. Therefore, in the present dis- 
cussion only five joints, mentioned above, are taken for study. 

Decapoda Crustacea provides interesting material for the study of relative 
growth and it will not be out of place to mention here that the concept of growth- 
gradient, growth-potential etc. has been mostly based on researches conducted 
on crustaceans of this group. The genus Pdlaeinon, which is very common in 
tropical and sub-tropical freshwater, is a Decapod Crustacea belonging to the group 
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Macrura. An interesting feature of the species under present discussion, like many 
other species of Palaemon, is the enormous size that the second pair of chelipeds 
attains in males after a certain age. 

Material and Measurements 

The material, consisting of 90 male and 69 female prawns of Palaemon 
hendersoni DeMan, was kindly lent to the author by the Director, Zoological Survey 
of India, and all the specimens on which the present work is based are deposited 
in the reserve collections of the Zoological Survey. 

The lengths are in millimetres, and were taken with sliding calipers fitted with 
graduated dial reading directly upto the first place of decimal, in the following 
manner : — 

(i) Length of carapace was measured in a straight line between the orbital 
edge and the posterior border. 

(ii) Lengths of the segments of the choliped were measured dorsally in a single 
straight line. 

(iii) The total length of the chcliped was calculated by adding up the lengths 
of the individual segments. 

Also, only the larger of the second cheliped (which is sometimes dextral and 
sometimes sinistral) was measured, for basically the chelipeds of the two sides should 
grow at the same rate and the apparent asymmetry that is sometimes noticed 
in this species appears to be due to some extraneous factors like autotomy and 
regeneration. 


Observations and Discussion 

In females the 69 values of log carapace length, denoted by A, and of log 
length of the cheliped or its joint, denoted by Y (the base of logarithm being 10), 
were condensed to 12 groups with equal intervals for X, Table I gives the values 
of group averages for X and Y, A similar table for the male chelipeds has been 
given earlier by the author (op, cU,), 


Table I 

Tfie values of the group averages X and Y in females 


Group Average X 


Average Y 




Is. 

Mo. 

Ca, 

Pro. 

Dae. 

Cholipod 

0.55—0.60 

0.5911 

0.3010 

0.2553 

0.2304 

0.3010 

0.3617 

0.9912 

0.60—0.65 

0.6368 

0.3212 

0.2783 

0.2382 

0.3081 

0.3899 

1.0086 

0.65—0.70 

0.6751 

0.3674 

0.3148 

0.2784 

0.3489 

0.4089 

1.0445 

0.70—0.75 

0.7376 

0.4093 

0.3562 

0.3161 

0.3799 

0.4259 

1.0779 

0.75—0.80 

0.7761 

0.4353 

0.3753 

0.3516 

0.4148 

0.4510 

1 . 1062 

0.80—0.85 

0.8387 

0.4939 

0.4346 

0.3872 

0.4870 

0.5330 

1.1688 

0.85—0.90 

0.8710 

0.5001 

0,4740 

0.4203 

0.5117 

0.5562 

1.1944 

0.90—0.05 

0.9247 

0.5677 

0.5196 

0.4543 

0.6147 

0.6511 

1.2658 

0.95—1.00 

0.9743 

0.5876 

0.5629 

0.6032 

0.6616 

0.6949 

1.3066 

1.00—1.05 

1.0263 

0.6481 

0.6304 

0.5598 

0.7029 

0.7627 

1.3652 

1.05—1.10 

1.0792 

0.6982 

0.6777 

0.6240 

0.7554 

0.8310 

1.4228 

1.10—1.15 

1.1168 

0.7476 

0.7191 

0.6388 

0.7901 

0.8661 

1,4580 
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» The author {op, cit,) has derived values of equation (1) for the joints of the male 
cheliped. Values for the female joints have similarly been calculated and are as 
follows : — 

Is. y = i.3792a;<o-4066?+o.o528»a;) g-o. 10477 a: 

Me. y = g-o.oo785a; 

Ca. y = g-o.o5685a; 

Pro. y == g-.o.07«43x 

Dac. y = 1.8849a:<®*27958+o.08056x) g-o.isiosw; 

Cheliped y = g-o.09i54a: 

Table II gives the values of p calculated from equation (2). 


Table II 

The values of P for the second cheliped and its segments for the 1 3 values in the male 
and 12 values in the female of the group average carapace length (denoted as x) 


9 



Is. 

Me. 

Ca. 

Pro. 

Dac. 

Cheliped 


c? (I Phaso)* 


4.9 

0.73 

0.79 

1.04 

0.53 

0.52 

0.76 

5.4 

0.75 

0.83 

1.01 

0.64 

0.02 

0.80 

6.0 

0.77 

0.86 

0.99 

0.74 

0.73 

0.84 

6.7 

0.80 

0.91 

0.05 

0.90 

0.89 

0.91 

7.5 

0.84 

0.97 

0.90 

1.09 

1.09 

0.99 

8.5 

0.89 

1.06 

0.84 

1.36 

1.37 

1.11 

0.4 

0.94 

1.14 

0.78 

1.61 

1.63 

1.21 

10.7 

1.01 

1.26 

0.69 

1.97 

2.01 

1.37 


(J (II Phase) 


11.9 

0.89 

0.64 

0.92 

1.62 

1.50 

1.86 

13.2 

1.01 

1.06 

1.24 

1.92 

1.76 

1.84 

16.1 

1.18 

1.66 

1.70 

2.35 

2.11 

1.82 

16.6 

1.34 

2.21 

2.11 

2.74 

2.43 

1.80 

18.0 

1.48 

2.73 

2,50 

3.11 

2.73 

1.78 


? 


3.9 

0.48 

0.53 

0.62 

0.68 

0.43 

0.64 

4.3 

0.61 

0.66 

0.64 

0.71 

0.49 

0.68 

4.7 

0.54 

0.60 

0.66 

0.74 

0.54 

0.61 

6.5 

0.61 

0.66 

0.69 

0.80 

0.64 

0.68 

6.0 

0.65 

0.71 

0.72 

0.84 

0.72 

0.73 

6.9 

0.74 

0.80 

0.77 

0.93 

0.87 

0.83 

7.4 

0.80 

0.86 

0.80 

0.98 

0.96 

0.89 

8.4 

0.90 

0.97 

0.86 

1.07 

1.13 

1.00 

9.4 

1.02 

1.09 

0.93 

1.18 

1.32 

1.13 

10*6 

1.16 

1.24 

1.01 

1.31 

1.65 

1.28 

12.0 

1.34 

1.42 

1.11 

1.47 

1.84 

1.47 

13.1 

1.48 

1.67 

1.19 

1.60 

2.07 

1.62 


* It has been mentioned before by the author {op, dU) that there is a change in phase in 
growth relationship in the male chelip^. 
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Values of the equilibrium constant a of the simple allometry equation and 
the means of the values of p, as given in Table II, were calculated and the results 
are shown in Table III. 


Table ILL 


The valtiea of a (columns 1) and mean P (columns 2) for the cheliped and its joints 

(nude and fenude) 



Is 

1 . 

Me. 

Ca. 

Pro. 

Dac. 

Cheliped 

(I) 

(2) 

(1) 

(2) 

(1) 

(2) 

(1) 

(2) 

(1) 

(2) 

(1) 

(2) 

S (I Ph.) 

0.84 

0.84 

0.97 

0.98 

0.91 

0.90 

1.10 

1.10 

1.11 

1.11 

0.99 

1.00 

? 

0.83 

0.86 

0.89 

0.92 

0.81 

0.83 

1.00 

1.03 

1.01 

1.04 

0.92 

0.95 

(? (II Ph.) 

1.16 

1.18 

1.69 

1.66 

1.64 

1.69 

2.29 

2.35 

2.06 

2.10 

1.82 

1.82 


It will be seen that, as anticipated by Huxley himself (op. cit.), the values 
of the equilibrium constant a for the cheliped or for its segments are (within the 
limits of error due probably to the fluctuations of sampling and insufficient size 
of data) only the means of the values of corresponding p calculated for different 
ages, represented by x, of the prawns. 

The values of p enable the existence of the growth-gradient to be seen very 
clearly. From the records of Table II lines have been drawn in Fig. l(a,6,c) for the 
cheliped and its segments giving the values of p (along the y-axis) for different 
values of the carapace length x (along the aj-axis) in males and females. (These 
may be compared with the dotted linos drawn in the same figure to show the dis- 
tribution of growth potential by the method adopted by Huxley (op. cit.), Tazelaar 
(1930) and others, of taking the centres of homologous regions at equal distances 
along the a;-axis and the corresponding values of a along the y-axis). 

It is seen that there is a progressive change in the successive values of the 
growth-coefficient. Thus, the first phase of growth in the male cheliped starts 
with a high point in Ca., which shifts towards the end of the phase to Me. In 
the female it shifts from Pro, to Me. The second phase of growth in the male 
cheliped starts with only one high point (at Pro.) and later another high point, 
though less steep than the first, developes (in Me.). 

Also, the order of the values of p changes from (Dac., Pro., Is., Me. and Ca.) 
to (Ca,, Is., Me., Pro. and Dac.) in the first phase of growth of the male cheliped, 
thus almost reversing itself. In the female the order changes from (Dac., 
Is., Me., Ca. and Pro.) to (Ca., Is., Me., Pro. and Dac.). Hence the final order of 
values of the growth-coefficients is identical in the two cases. This is interesting, 
for, as shown by the a values in the above table and as pointed out by Huxley 
(op. cit.) and others, the growth pattern in the female cheliped is generally com- 
parable with the one in male cheliped of most of the species of this genus in its 
first phase of growth. It will thus be seen that the growth-gradient, as exhibited 
by the a values, does not indicate the final order of the values of the growth- 
coefficient for the segments of the cheliped. On the other hand, as the a values 
are identical with the values of the mean p, it can be said to show a pattern 
obtained by pooling together of the patterns in the various stages of growth during 
particular phase. 

In the second phase of growth of the male cheliped the order of the values of 
p changes from (Me., Is., Ca., Dac. and Pro.) to (Is., Ca., Me., Dac. and IVo.). 

4 
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Thus, it is seen that although the final order of values of the growth-coefficient 
may be the same in male (I Phase) and female chclipeds, the flow of the growth 
potential, before the final order is reached, has been different in the two cases. 
It may be noted here that Ca. decreased from a small positive allometric to a marked 
negative allometric joint in the first phase of growth in the male cheliped, while 
in the female it is just the opposite, i.e. it increases from marked negative allo- 
metry to a small positive one. 

To study more clearly the difference in the growth behaviour of the malo 
(I Phase) and the female chelipeds it will be interesting to calculate the values of 
dp 

( = 2a+c+a log^, x). This has been done in Table IV. 


Table IV 


dP 


The values for various values of the group average carapace length [x) 


dP 

dx 


it/ 

Is. 

Mo. 

Ca. 

Pro. 

Dac. 

Cheliped 


cf (1 Phase) 


4.90 

0.637 

0.057 

- 0.043 

0.181 

0.187 

0.074 

5,45 

0.040 

0.063 

- 0.047 

0.198 

0.204 

0.082 

5.98 

0.042 

0.068 

- 0.051 

0.212 

0.219 

0.088 

6.68 

0.045 

0.074 

- 0.055 

0.229 

0.237 

0.096 

7.49 

0.048 

0.081 

- 0.060 

0.247 

0.255 

0.104 

8.54 

0.052 

0.088 

- 0.065 

0.267 

0.276 

0.114 

9.43 

0.055 

0.092 

- 0.069 

0.282 

0.292 

0.121 

[ 0.69 

0.058 

0,100 

- 0.074 

0.302 

0.312 

0.130 


^ (II Phase) 


11.92 

0.087 

0.305 

0.232 

0.219 

0.182 

- 0.012 

13.25 

0.092 

0.321 

0.244 

0.230 

0.191 

- 0.013 

16.07 

0.096 

0.342 

0.269 

0.244 

0.202 

- 0.014 

16.64 

0.100 

0.358 

0.270 

0.255 

0.211 

- 0.014 

18.05 

0.104 

0.371 

0.280 

0.263 

0.218 

- 0.015 


? 


3.90 

0.071 

0.076 

0.041 

0.068 

0.120 

0.081 

4.33 

0.077 

0.082 

0.044 

0.073 

0.128 

0.086 

4.73 

0.081 

0.086 

0.047 

0.077 

0.135 

0.090 

5.46 

0.089 

0.094 

0.061 

0.083 

0.147 

0.098 

6.97 

0.094 

0.098 

0.064 

0,087 

0.154 

0.102 

6.90 

0.101 

0.100 

0.068 

0.093 

0.166 

0.110 

7.43 

0.106 

0.110 

0.060 

0.096 

0.172 

0.114 

8.41 

0.112 

0.116 

0.064 

0.102 

0.182 

0.120 

9.43 

0.118 

0.122 

0.067 

0.107 

0.191 

0.126 

10.62 

0.124 

0.128 

0.070 

0.112 

0.200 

0.132 

12.00 

0.130 

0.134 

0.074 

0.118 

0.210 

0.138 

13.09 

0.135 

0.133 

0.076 

0.121 

0.217 

0.143 
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Fig, 2 {a, b, c) has been drawn to show the change in the value of (taken 

dx 

along the jz-axis) for the values of the carapace length x (taken along the a;-axis). 
Table V gives the mean values of (as given in Table IV) for the male and 

wOC 

the female segments. 


Table V 


The mean values of — for the segments of the male and the female chelipeds 
dx 



Is. 

Mo. 

Ca. 

Pro. 

Dac. 

Cheliped 

S (I Phase) 

0.047 

0.078 

-0.058 

0.240 

0.248 

0.101 

? 

0.103 

0.107 

0.069 

0.095 

0.168 

0.112 

cJ (II Phase) 

0.096 

0.339 

0.257 

0.242 

0.201 

-O.OH 


These reflect clearly upon the significance of the shift of the growth-centre 
and also on the existence of it, as discussed earlier in this paper. From these it is 
seen that : 

(i) In the distal region of the cheliped consisting of the chela (Pro. and Dac.) 
the relative growth rate tends to increase faster in the male (I Phase) 
than in the female ; and it is just the opposite in the basal region (Is. and 
Me.) where the growth-coefficients for the male segments increase at lesser 
rates than what they do for the female ones. 

(ii) In general it is seen that the differences in the change of rates of growth 
between the male segments (I Phase) are much more marked than between 
the female segments. This reveals an important fact that the growth- 
gradient in the female cheliped is more stable than in the male cheliped. 

(iii) The rates at which the growth-coefficients increase in value follow different 
orders in male (I Phase) and female joints. Thus in the male it is (Ca., 
Is., Mo., Pro. and Dac.) and in the female it is (Ca., Pro., Is., Me. and 
Dac.) ; Ca. in the former case actually loses its rate of growth. In male 
(II Phase) the order is (Is., Dac,, Pro., Ca. and Me.). 

(iv) Although the growth-centre is elsewhere, Dac. gains its final size at a faster 
rate than any other segment of the cheliped, both in the male (I Phase) 
and in the female. It thus forms the region of greatest activity in the 
cheliped. In the male (II Phase) it is Me. which gains its growth at the 
fastest rate of all the segments of the cheliped. 
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Abstract 


With ii vi(3w io (lospribn iho livorwort flora of relatively little explored territories of India, 
tho species of Riccia 1‘rotn South India have been worked out. In all elovon spocieg have been 
ro(Mjgnizod (Chopra, lOIlS ; IJdai 19r)7r; T^mde and Udar, present eommuni cation) excluding 
R, fluitans-com])lex. \vhi<*h will be treated separately (as it slaiuld now be understood to be from 
India) in view of the cytologieal and cultural work by Lorbeer (1934) and Muller (1940, 1941). A 
now species, Rivcin tuberrutaia Pende et Udar, has been disco vorod from South India. Tliis gpocios 
is characterised by distinctive tubercular thiekeningg on tho colls of some of the a.ssimiiatory 
filaments, a peculiar feature knovn so far only in R. bwtrinta Kvans but tho pattern in the two 
H])ocioH arc difl'ereiit. 'Two of our little known 8j>ecios viz. R, incUmosporn Kash. and R. plana 
Taylor have been described in detail along with illustrations. A latin fliagnosis of tho former 
has also been included to com}»lete its di^.scription. Two of tho recently describoil species viz. 
R. intermedi(( .loncs, from 'iVopical Africa and R. betufalensdft Khan from East I*akistan liave 
bot'n shown to 1x3 synonyms of R. discolor L. et L. and R, billardieri Mont, et N. respectively. 
A key, for facilities of separation and identific*ation of all tho species now known from South 
India, has been given. 


Introduction 

With a view to work out the details of the Bryology of some of the relatively 
little explored Indian territories Paude and 8rivastava made extensive eolleetions 
of hepatics and mosses during September-Oetober, 1950, from several localities 
in South India. The hepatics in this collection arc noM’’ being systemat ically worked 
out by the authors who hope to present a detailed account of the liverwort flora 
in due course based on the study of different genera represented in this collection. 
A part of the collection, containing specimens of Eiccia, has been work<^d out and 
the study has revealed several interesting as well as new or little-known species 
from the country. Already Eiccia crozahii Lev. and E. tmmsiorfii Limpr. have 
been reported as new to Indian flora (Udar, 1957^) based on a critical examination 
of this collection. The other species include E, melanospora Kash., E. dimdor L. 
et L., jBk billardieri Mont, et N., E. gangetica Ahmad, E. huebeneriana Lindenb., 
R. plana Taylor and a species which differs markedly from all the known species 
of the genus and deserves a new specific rank. 

Chopra (1938) has listed only three authentic species from South India viz. 
R, cruciata Kash., R. frostii Aust. and R, fluitam L. Of these, R. piiians has been 
recently shown, through cytologieal anil cultural investigations (Lorbeer, 1934 ; 
Muller, 1940, 1941), to bo a complex of four species, the segregates being E, fluitans 
L. emend K. Miiller, R. canalicuta Hoffm., R. duplex Lorb. and E. rh^nana Lorb. 


* Part I of thiH goriog is due to appear in J. Indian hot. iSoc.^ 36, No. 4, 1957. 

, *♦ Contribution from tho Dopartmont of Botany, Lucknow University, India, New Series, 

No. 31. 

VOL. 24, B, No* 2, 
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In view of these observations R. Jluitam-complex in India needs a careful reinvesti- 
gation and the authors hope to present a detailed discussion on this aspect soon 
in a separate communication. 

Thus, eleven species of Riccia (excluding R. fluitaiis-cojnplex) occur in South 
India (Chopra, 1938 ; Udar, 1957c ; Pand6 andUdar, present communication). The 
key given below will facilitate their separation and identification. For the sake of 
convenience the division of the genus Riccia into subgenera Euriccia and Ricciella 
has been adopted. 

1. Thallus with compact assimilatory zone and narrow air spaces 

Subgenus Euriccia 3 . 

2. Thallus with loosely arranged assimilatory zone and wider air 

spaces. Subgenus Ricciella 12. 

3. (a) Plants monoecious 4. 

(b) Plants dioecious 10. 

4. (a) Thalli ciliate 5. 

(b) Thalli non-ciliate 8. 

6. (a) Spore black and perfectly opaque at maturity, 80-100/^ 6. 

(b) Spore dark brown at maturity, 50-90 /a 7 

6. Thallus bluish green, segments small, anteriorly sulcatc, rest 

nearly flat, cilia small and broad, 10(1-150 /a long 1. R, melanoHpora, 

7. (a) Thallus yellow green, segments narrow, linear, apex rounded, 

deeply sulcato anteriorly and sulcus broader behind, cilia 

large, spore 50-80 /a 2. R, warnstorfii. 

(b) Thallus bluish green, segments lanceolate, anteriorly deeply 

sulcate, rest very broadly channelled, spore 70-90 /a 3. iJ. crozalsii. 

8. (a) Spore winged 9. 

(b) Spore unwinged 11. 

9. Thallus small, about 3 times broader than high, characteristic 

tubercular thickenings on the cells of the assimilatory filaments, 

spore irregularly reticulate or papillate, 80-110//, wing 

crenate 4. J<. tuber culata, 

10. Male plants comparatively smaller than female, spore 

unwinged, reticulate, 80-100 /a 5. R, discolor, 

11. (a) Thallus large, 4~6 times broader than high, spore reddish 

brown, reticulate, 90-140,//, angles of reticulations drawn out 

into prominent projections 6. R, billardieri, 

(b) Thallus small, about 3 times broader than high, spore perfectly 
black and opaque at maturity, 8-16 small reticulations across 
the outer face, coarsely crenate in profile, 80-120/a 1, R. gangetmi, 

12. (a) Plants monoecious 13. 

(b) Plants dioecious 16. 

13. (a) Thalli narrow repeatedly branched 14. 

(b) Thalli very broad, cruciate or in rosettes 15. 

14. (a) Spore small, upto 60 /a 8. jB. hueheneriana, 

(b) Spore much larger, 80-1 10 /a 9. if. plana, 

16. Thallus as a rule cruciform, spore upto 70 /a, reticulations more 

or less complete 10. i?. cruciata, 

16. Thalli forming well defined rosettes, female rosette normally 
larger than male, the latter usually pinkish, spore incompletely 
reticulate, upto 60 /a 11. R, frostii. 


1. Riccia melanospora Kash. 

R, mehnaspora is apparently one of our endemic species since it has not been 
reported so far from any other part of the world. The only published account 
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of this plant is its description by Kashyap (1929) which unfortunately is some/ 
what inadequate and lacks illustrations. Opportunity has, therefore, been taken 
to fill in this gap in our knowledge of this interesting plant and also to provide its 
latin diagnosis*. 

JB. melanospora was instituted by Kashyap (1929) to include a specimen of 
Riccia from Hoshiarpur. Later it was also reported by him (Kashyap, 1932) from 
Lucknow, on the basis of the material sent to him by Pande, and from Konsa Nag, 
12,000 ft., Kashmir, on a collection sent to him by Dr. A. C. Joshi. In the present 
paper this species is being recorded for the first time from South India and 
possibility should not be excluded that the species may have a wider range of 
distribution and it may some day be discovered from some of the neighbouring 
countries. 

Monoecious, bluish green; thalli small, simple or once furcate, in overlapping 
patches, occasionally forming distinct rosettes ; ciliate, cilia 100 - 150/4 long, 
hyaline or pink, present both on margins and on surface ; lobes oblong, upto 5 mm. 
long and 2 mm. broad ; sulcatc anteriorly and posteriorly broad, flat or broadly 
concave ; air spaces narrow, assimilatory zone compact ; epidermal cells rounded 
or oval, hyaline ; ventral surface projecting prominently, hyaline in the middle but 
deep purple below the wings ; cross-section semi-circular ; about two times broarler 
than high or as broad as high ; scales large, hyaline or deep piirifle ; sex organs in 
1-4 rows, papillae very slightly projecting above ; sporophytes bulge dorsally, 
occasionally developed near the margin of the thallus ; spore dark and perfectly 
opaque at maturity, 80-100/4 in the maximum diameter, often much smaller, reti- 
culate with 8-16 reticulations across the outer face, about 3.3/4 wide ; winged, wings 
upto 6.0/4, usually imperfectly developed, interrupted, quite often absent, tri- 
radiate mark conspicuous. 

Coll, Pande and Srivastava. IjOC, Govt. Bot. Garden, Ootacamund. Habitat : 
Growing on red soil. Date : October 7, 1950. Pand6 collection No. 4723, Lucknow 
University. (Text fig. 1). 

R, melanospora is one of our xerophytic species and generally occurs on 
exposed places favouring particularly gravel foot paths. Under intense sun, when 
the atmosphere gets drier after monsoon.s, the wings are upturned exposing the 
deep purple scales. 

The perfectly black and opaque colour of the spore masks the surface reticula- 
tions and also the wing but a treatment with dilute nitric acid for about half an 
hour brings out the details clearly. Prolonged treatment should, however, always 
be avoided. 

In its dark opaque spores and larger number of reticulations R, melanospora 
approaches R, gangetica but the latter is non-ciliate, with thalli distinctly channelled 
and spore larger and unwinged. 

2. Riccia loarnstorfii Limpr. 

R. warnstorfii is certainly a luxuriantly represented species in South India 
although this is known so far only from this territory in India. An illustrated 
account of this has been already given by Udar (1957c) along with R. crozalsii. 
These two species are very recent additions to our hepatic flora. 


* Monoica, parva, coeruleo-viridis, plus minusve glauca ; frons ad 5 mm. longa, ad 2 mm. 
lata, simplex vel bifurcata; lobis linoaribus, apice minute emarginato et truncate; fronto 
sulcata, caeteris partibus planis vol convoxis, marginibus acutis, facie antica ± dense spinosa, 
spinis hyalinis et purpureis, tonorrimis, 100-150A* longis ; thalli sectio crassa, duplo latior 
qWm alta ; aqmtme purpureae, imbricatae, marginos baud suporantes ; sporae 80-1004* 
fusoae, retioulatae, papiUataie, reticulationibxis 3.34* latis, angulis papillarum orcotis ; alata, ala 
rregulari et brevi, 3.3-6.64*. lata, 
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Coll. Pande and Srivastava. Loc.: On way to Coonoor. Ilahitat .^^ Growing 
on red soil. Date : October 7, 1950. Pand^* Collection No. 9802; Loc.: Govt. 
Botanical Garden Ootacannind. Date : October 0, 1950. Pand6 collection No. 
3121, 3123, 3815 3817, 5124, 5125. • 
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Tbxt-Fio. 1. Riccia melanos pora Ke^sh. 

Pig. 1. Habit. 2. Branched thallus. 3. A thalluH with a sporophyte at the margin. 
4, Thallus, ventral. Note conspicuous scales. 5. Cilia. 6. Cross section of thallus 
sliowing assimilatory £ laments and epidennis, 7-9, Cross section of a thallus at apex, in 
the middle and at the base respectively. 10-11. Cross sections showing superficial 
marginal sporophytos. 12-13. Dark and opaque spores. Note the disparity in size. 
14. Spore, outer face. 15. Spore, inner faces. 16. Wing magnified. 
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3. Riccia crozahii Lev. 

R. crozalsii is a rather extremely rare specie^s to eomc across and (udy one 
rosette is represented in the collection. In 'this country so for this sjuniies is known 
only from S. India and an illustrated account has already been given by Udar 
(1957c) from a part investigation of the South Indian hepatics in Pande 
Collection. 

ColL Pande and Srivastava. TjOC.: Govt. Botanical Garden, Ootacamund, 
HabiM : Growing on red soil. Date.: October 9, 1950. Pande Collection No. 
3814, Lucknow University. 

4. Riccia tuberculata Pande et Udar, sp. nov, 

Monoica, glauco-virens ; fro7is ad 5 mm. longa, ad 2 mm. lata, simplex vel 
bifiircata, lateribus as(‘endentibus, marginibu.s aciitis, sulcus ad apicem jnofundus 
et acutus ; squamae magnae, integrae. imbricatac^, atro-purpureae, marginem 
superantes ; 80-110//., brunneae, conferte papillatae et irregulariter lamella- 

tae, ad angulos papillatae, facies internae plus minusve regulariter lamellatae ; 
anguste alatae, margo alac papillatae, 6.0//. 

Monoecious, bluish green ; thallus upto 5 mm. long, 2 mm broad, simple or 
once furcate, overlapping or isolated, often forming rf)setles ; seqmvnis ov at (‘-linear, 
prominently (convex ventrally, apex rounded or acute, dorsally silicate, sulcus 
prominent anteriorly ; wings more or less (umvex, margin acute and ascending ; 
scahs large, overlapping, dark purple, conspicuously extending beyond the margins ; 
epidermal (Wfe. oval-papilliform, hyaline ; air-spaces narrow ; asKiynilarory filaments 
compact with characteristic tubcrculate thickenings noticeable on the walls of the cells 
of sonic of these, thickenings extending upto the epidermal (^ells from the base of the 
assimilatory filaments and occasionally also present on some cells of the lower 
compact zone ; antlmridia and archegoiiia in the mid-dorsal line' in a row, papillae 
projecting above the surface ; uniseriate, bulging prominently on the 

dorsal surfoc^o ; spore dark brown 80-110// along the maximum diameter, densely 
papillate to irregularly reticulate on the outer face, inon^ or less regularly ret iculate 
on the inner faces, tri-radiate mark (H)nspicuous ; winged, wings upto 6.6// wide 
having a warty surfoce and crenulate margin. 

(\)ll. Pande and Srivastava, Loc,: Runnymede, Madras State, South India. 
Habitat : Growing on red soil. Date : October 6, 1950. Pande Collection No. 
3803, Lucknow University. (Text fig. 2). 

The characteristi(i band of thickening found on the walls of the green cells 
represents a feature noted earlier only in the case of R, bistriata (Evans, 1919). 
The pattern of thickenings of R. tuberculata Pande et Udar is, howiiver, very diff- 
erent from R. bistriata. In the latter the band of thickening is uniform while in 
R. tuberculata it is distinctly tuberculata. Besides, the two species differ in sexuality, 
vegetative features and characters of spore as well. 

The specimen of Riccia from South India has, therefore, been ref(‘rred to 
ft new species, Riccia tuberculata Pand6 et Udar, sp. nov, 

5. Riccia discolor L. et L. 

A detailed description and a critical discussion of R. discolor has been presented 
in two earlier communications (Udar, 1957a ; Pande and Udar, 1957). 

Recently Jones (1957) described a new dioecious species from Tropical Africa, 
R, intermedia Jones, which is apparently identical with R. discolor. 

Through the courtesy of Dr. E. W. Jones beautiful type specimens of R. inter- 
media were obtained and on examination the authors have foiled to notice any 
significant feature which would separate it from R, discolor. Dr, Jones had the 
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obvious difficulty as ho could not secure authentic published accounts of R. discolor 
and, in his excellent paper, he makes a reference to the difficulty he experienced 
in not being able to compare his Tropical African Riccias with Indian species. Is 
has since been possible for the authors to present a detailed account of this speciet 



Tbxt-Fio. 2. Tiiccia tuhercvlata Pand6 et Udar. 

Fig. 17. Thalls, dorsal. 18, Same, ventral. Note largo prominent scales which 
almost coalesce. 19, Thallus in cross-soction showing assimilat^ry filaments with 
epidermal cells. 20. Same showing characteristic tubercmlar thickenings. 21-24. Cros?: 
sections of thallns at the apex, behind the apex, in the middle and at the base, respectively. 

25, V.L.S. of thallus showing its monoecious character. , nntherifUuW' ; ? > (irchagonium, 

26. Spore, outer face. 27, Spore, inner faces, 
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(Pande and IJdar, 1957). Since India and Africa are tropical countries and geo- 
graphically largely identical, the possibility of finding common species in these 
two countries becomes all the more probable. 

In a recent paper on the Ricciaceae oi* East Pakistan, Khan (1957) has des- 
(tribed J?. discolor as monoecious. This species is strictly dioecious (sec Udar, 1957a ; 
Pande and Udar, 1957) and always distinct male and female thalli have been found 
in the Pande Collection from practically all parts of India including the neigh- 
bouring territory of West Bengal. The plants usually grow intimately mixed 
with a monoecious species, R, hillardieri, and a good deal of confusion becomes 
evidently possible if the plants are not carefully isolated for study. A reinvestiga- 
tion of the specimens of 12?>xia described by Khan (1957) from East Pakistan, thus, 
becomes necessary in the light of the above observations. 

(^olL: Pande and Srivastava. Loc.: Mangalore. Ilafntat : Growing on red 
soil. Date : October 13, 1950. Pande Collection No. 5495a, Lucknow Univer- 
sity. 


(). Riccia hillardieri Mont, et N. 

R. hillardieri is one of the most widely distributed species in South India. 
Recently it has been workinl out with respect to its synonymy and taxonomic 
details by Udar (1957a) and Pande and Udar (1957), cytology by Udar and 
Chopra (1957) and sporeling germination by Udar (1957&). 

In a recent j)aper Khan (1957) has described R. hengalemis Khan from Dacca, 
East Pakistan. The vegetative features of this species as well as the description 
of the spore strongly answers to R, hillardieri. a very common sjx'cies known from 
the adjoining territory of West Bengal The species according to Khan (1957) 
is charactc^rised by the i)resence of prominently projecting sex papillae which occur 
in two or three rows. These pa])illac are exactly alike in R. hillardieri (see Udar, 
1957a, Fig. 6) as well and the authors feel certain that both these specimens are 
identical 

Coll.: Pande and Srivastava. Loc.: Mahe. Habitat : Growing on red soil. 
Date : October 11, 1950. Pande Collection No. 4753, Luckow University; Loc.: 
Mangalore. Growing mixed with (^yathodiuw, sp. Date : October 13, 1950. 
Pande Collection No. 4595, 4597, Lucknow University. 

7. Riccia gamfetica Ahmad. 

In South India R. gangetica is apparently not so common as R. discolor and 
R. hillardieri. A detailed account of this species and a discussion about it s specific 
validity has been given by Udar (1957a) and Pande and Udar (1957). The chromo- 
some number and the origin of this species has been discussed by Udar and Chopra 
(1957) and Chopra and Udar (1957). 

The specimens from South India are fertile but are extremely small in size 
being only 2 mm. long and about 0.5 mm. broad. 

Coll.: Pande and Srivastava. Loc..* Addenley Station. Hahitat : Growing 
on red soil. Date : October 6, 1950. Pande Collection No. 5107, Lucknow 
University. 


8. Riccia huebemriana Lindenb. 

R. hufheneriana was first reported from India by Udar (1956) on the basis 
(if a collection made by Pande (from Darjeeling on way to Badampton) and another 
by Mr. Singhal (from Kisli forest, Madhya Pradesh). This is the first record of 
this species from South India where it is apparently rare. 



28 ^ 28,30 ms •31*32,33,35,36 ms 34 


Text-Fio. 3 Biccia pUina Taylor. 

F«g. 28. Habit. 29. Areolate appoamnco of tliallua. 30. A part of thallus whowing 
vcntrally projecting sporophyto, ventral view. 21. Anfcheridial papilla. 32, 33. Cross- 
section of thalliis (enlarged) at the margin and in the middle respectively to show assimi- 
latory zone and air Hpacos, 34. Cross-scKstion of thallus at the point of dichotomy showing 

two vcntrally projecting sporophytes and anthoridial papilla (J projecting dorsally. 
36. Spore, outer face. 36, Spore, inner faces. 37, Spore reticulations magnified, 38. 
Wing of the spore magnified. 
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Coll: Pand6 and Srivastava. Loc,: Compound of Mangalore School. 
Habitat: Growing on red soil. Date: October 6, 1950. Pande Collection No. 
5879, Lucknow University. 

This species is likely to be confused with R. plana Taylor. The spores in the 
latter are, however, much larger. 

9. Riccia plana Taylor. 

The Indian specimen of R. plana was originally referred to a new species of 
Riccia, R. manqalorica by Ahmad (Ahmad, 1942), who remarked that it may only 
be a variety of R. phnu. Careful examination of th(i specimen of this plant has 
shown that it need not be segregated from R. plana (Udar, 1957a). As the only 
description of this liverwort, in literature on Indian Bryology, is based on a note 
bj^ Ahmad (1942), a detailed account is presented below. 

Monoecious, grey-green ; thalli several times dichotomously branched, isolated 
or densely crowded and overlapping, occasionally forming rosettes ; loosely arranged 
assimilatory zone with wide air-spaces ; ventral surface concolorous, rhizoids simple 
and tuberculate, tubercles not prominent ; scales hyaline and difficult to isolate ; 
thallus in cross section usually 4-5 times broader than high, extremely variable 
depending on the size of thalli : antheridial ostioles conical, hyaline and transparent, 
about 250/^ above thallus surface ; sporophytes projecting prominently on ventral 
surface ; spore light brown to dark brown, tetrahedral, 80-110// along the maximum 
diameter, reticulate with fi-10 reticulations across the outer face, reticulations 
7-1 0/i wide, inner faces more or less incompletely reticulate, angles of reticulations 
project in the form of spines whicli may be truncate, entire or bifid, papillate 
in profile ; winged, wing 3.3 to 6.6// wide, broader at angles where occasionally an 
irregular pit or perforation occurs, wing margin finely erose. 

Coll: Pande and Srivastava. Loc.: Compound of Mangalore Girls’ School. 
Habitat: Growing on red soil. Date: October 6, 1950. Pande Collection No. 
5876 (fixed specimens), Lucknow University. (Text fig. 3). 

This is one of the common species in South India. 
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EFFECTS OF GIBBERELLIC ACID ON THE FLOWERTNCt 
OF fiESAMVM I&DICUM L. 


by S. C. Chakravartt and N. J. Abraham, Department of Botany, Government 

Hamidia College, Bhopal 

(Communicated by G. P. Majumdar, F.N.I.) 

(Received January 13 ; read March 17, 1938) 

Abstiuct 

GibborolUc acid (GA) in the concentrations of 1, 10 and 100 ppm. of aqueous solution 
was applied as ])ro -sowing soaking treatment of seeds and also as foliar s])rays and drops of 
different durations at three stages in the life-cycle of SesanmiVy an annual plant with a single 
phase of growth. In none of the treatments, however, there was any early induction of flower- 
ing. On the contrary, a significant delay in the process was recorded when plants both 10 
and 24 days old received a repeated treatment with 100 ])f)m. of GA. 

It appears that the chemical has no florigenic proj>orty and its effect in bringing about 
an early termination of the vegetative cycle in certain annual and biennial plants with two 
distinct phavses of growth, — one of rosette formation and the other of stem elongation and 
flowering, is secondary. 


Introduction 

In recent years a number of papers has appeared dealing with growth and 
flowering responses of plants subjected to the treatments of gibberellins and 
gibberellic acid (Brian and Grove, 1957 : Bukovac and Wittwer, 1957 ; Biinsow 
and Harder, 1956a, 6, 1957 ; Gray, 1957 ; Lang, 1956, 1957 ; Marth et al, 1956, 
Wittwer and Bukovac, 1957a, h and Wittwer et al., 1957). In addition to the 
general effect of bringing about an extension growth, these chemicals also bring 
about an earliness in flowering in a number of plants like carrot, lettuce, endive, 
mustard, cabbage, henbane etc. In almost all the plants referred above, there 
are two distinct phases of growth, one leading to the formation of a rosette of 
leaves and the other to that of stem elongation and flowi^ing. As in these plants 
onset of the reproductive phase and stem elongation go nand in hand, the effect 
of gibberellic acid in bringing about an earliness in flowering might be an indirect 
one i.e., by the way of causing an extension growth of the stem. In order to 
subject the above suggestion to experimental test, a detailed investigation has been 
undertaken with Sesamum indicum L. which is an annual plant with a single 
phase of growth. 


Experimental Procedure 

Two sets of experiments were carried out. In the first, 1, 10 and 100 parts 
per million of aqueous solution of gibberellic acid* was applied as 12 hours’ pre- 
sowing soaking treatment of the seeds. In the second, these solutions were 
applied as foliar sprays to runoff and as droppings on the leaf whorl. Spraying 
treatments were commenced when the plants were 10 and 24 days old, while that 


* Sample of gibberellic acid used in this experiment was obtained through the kind 
courtesy of Eli Lilly and Company, Indianapolis, lnd„ USA, 
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of dropping at an age of 30 days. In the case of 10 day old plants, the chemical 
was applied once in the life-cycle and also five times at both daily and weekly 
intervals. In plants 24 day old, five sprayings were done at the interval of three 
days and the rest two treatments wer^ the same as in the previous case. Dropping 
on the leaf whorl was done by delivering approximately 0.05 c.c. of the solution 
with a micropipette. 

Seeds of the variety T. 10 were sown in 9" pots containing well manured 
garden soil. Four pots were allotted to each of the variables with a final stand 
of three to four plants per pot. Dates of opening of the first flower from the first- 
formed bud were recorded for individual plants and the average time taken for 
anthesis by the plants of each treatment calculated. Number of leaves developed 
on these plants below the node of floral initiation incJuding the cotyledonary ones 
has also been recorded. 

The method of analysis of variance has been used to determine the statistical 
validity of the experiments. 

Results and Discussions 

Data collected have been presented in Tables I and IT. 

Tablk 1 

Effect o/ 12 hours' pre-sowing soaking treatments of seeds of St^samum indicum L. with different 
concentrations of gihbereUic acid {GA) on the time taken for anthesis and the number of 
leeives at floral initiation. Number of plants are shown within brackets. 

Date of sowing j 11-7-57, Error mean sq ; Anthesis ; 0.32 

Loaf number : 0.97 


Concentra- 
tion 
of GA 

Time taken 
for 

anthesis 

EarlinesH 

over 

control 

Leaf 

No. 

Decroaso 

over 

control 

Komarlis 

Control 

33.66 days (1.5) 



11.46 



None of the 

1 ppm. 

33.63 „ (15) 

0.13 

10.66 

0.80 

(lifforonces 

10 

33.60 „ (15) 

0.06 

10.93 

0.63 

arc 

100 „ 

33.66 „ (15) 

» 

0.00 

11.20 

0.26 

significant. 


It would be seen that in none of the treatments there has been an early 
induction of flowering. On the contrary, when gibberellic acid in the concentra- 
tion of 100 ppm. was sprayed once a week for five times commencing at an age 
of ten days and also daily for five consecutive days and five times once every third 
day commencing at an age of twenty four days, there has been a significant delay 
in the time taken for anthesis and also a significant increase in the number of 
leaves developed prior to floral initiation. Treatments given late in the life-cycle 
is more effective in bringing about this delay in flowering than the ones given early. 
In almost all the treated plants there was an extension growth due to elongation 
of the internodes. 

Marth et al. (1956), while working with a number of plants failed to record 
any evidence that gibberellic acid could induce them to initiate flower primordia. 
On the other hand, both these authors and Gray (1957) found an inhibition of 
flower bud development in Capsimim for about 3 to 4 weeks after treatment with 
this chemical. Thimann (personal communication) could record no earliness 
in flowering in treated Chenopodivm plants. Absence of response has also been 
noticed in onion by Rappaport (1956). Wittwer et al. (1967), while working with 
beans and tomatoes observed an early flowering in the early or strongly determinate 



EFFECTS OF OIBBBRELLIO ACID ON THE FLOWERING 


91 


varieties without any reduction in the node number preceding the first flower and 
came to the conclusion that gibberellin did not specifically influence the flowering 
process. 

Lindstrom ei ah (1957) have reported hastening in flowering varying from 
10 days to 4 weeks in annual plants like stocks, petunia, larkspur, English daisy, 
China aster and gerbera when grown during the fall and winter in the green house. 
However, as no record of the amount of vegetative growth expressed as leaf 
numbers preceding the first flowers has been taken, it is not possible to decide 
whether gibberellin did actually influence the process of flowering in these plants. 


Table II 

Effect of different modes of application of gibberellic acid (GA) on the time taken for anthesis 
and the number of leaves at floral initiation of Sesamum indicum L, Number of plants 

are given within biackets. 


Date of sowing : 1-7-57. 


Error mean Sq.; Anthosis : 13.1 
Leaf mim})er : 4.8 


Ago of Mode of 

commoiicomont application 

of treatment 

Cone. 

of 

GA 

Time taken 
for anthosis 
in days 

Earlinoss 

over 

control 

Lc»af 

No. 

Docroaso 

over 

(jontrol 

Control 



42.13 (15) 



12.66 



10 days Single spray 

1 

ppm. 

41.72 (11) 

0.41 

12.54 

0.12 

»» »* »* *» 

10 

>» 

42.63 (11) 

~0.5() 

12.72 

-0.06 

ft »♦ f» 

100 

»♦ 

42.72 (11) 

-0.59 

12.72 

-0.06 

M „ 5 sprays, once a day 

I 

ft 

24.46 (15) 

-0.33 

12.40 

0.26 

ft ft ft ft 9* '» 

10 


43.90 (10) 

-1.77 

13.00 

-0.34 

ft ♦» ft ft ft 

100 

ft 

43.25 (8) 

-1.12 

12.75 

-0.09 

10 days 5 sprays, oqco a week 1 

ppm. 

42.55 (9) 

-0.42 

12.66 

0.00 

ft *» ft ft ,, ft 

10 

tt 

44.25 (12) 

-2.12 

12.66 

0.00 

»» ft ft ,, »» 

100 

tt 

t57.25 (8) 

-15.12** 

18.00 

-5.. 34** 

24 days Single spray 

1 

tt 

41.38 (1,3) 

0.75 

12.15 

0.51 

»» t* ft ft 

10 

tt 

41.23 (13) 

0.90 

12.00 

0.66 

ft »» ft ft 

100 

tt 

43.91 (12) 

-1.78 

15.00 

-2.. 34 

” " 5 sprays, once a day 

1 

tt 

42.07 (14) 

0.06 

12.85 

-0.19 


10 

tf 

43.00 (12) 

-0.87 

13.66 

-1.00 

*t ft ft ft ft r* 

100 

tf 

53.08 (12) 

-10.95** 

19.50 

-6.84** 

!} sprays, once in 3 days 1 

tt 

42.30 (1.3) 

-0.17 

12.61 

0.05 


10 


42.63 (11) 

-0.50 

12.18 

0.48 

ff ft ♦» 

100 


47.33 (9) 

-5.20* 

18,44 

-5.78** 

30 days 5 drops, one per day 

1 


41.80 (10) 

0.33 

12.30 

0.36 


10 

tt 

42.30 (10) 

-0.17 

12.40 

0.26 

»» »» ft tt t* 

100 

tt 

42.60 (10) 

-0.47 

12.70 

-0.04 


t Several plants failed to flower. 
* Significant at 5 per cent level. 
Significant at 1 per cent level. 


There exists a fundamental difference in the growth characteristics of plants 
like Semmum on the one hand and on the other the biennial and annual forms 
of plants like carrot, lettuce, endive, mustard, cabbage, henbane etc., which have 
in almost all the cases given a positive flowering response to gibberellic acid and 
gibberellin treatments. In the biennial and annual plants referred above, the 
process of flowering follows a rapid stem elongation after the formation of a rosette 
during the vegetative condition, while in Sesamum it is not so. Failure of gibberellic 
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acid to bring about an earliness in flowering in Sesamum indicum and a number 
of other plants suggests that this chemical does not have any florigenic property. 
It seems quite probable that induction of early flowering in these annual and 
biennial plants is brought about in an indirect way i.e,, by causing the stems to 
elongate, a phenomenon which normally accompanies their flowering. Lang 
(1957) while working with several biennials, winter annuals, long-day and short- 
day plants, came to the conclusion that the effect of gibberellin on flower-formation 
might be a secondary one and the present findings support the view. 

In several biennial plants gibberollic acid and gibberellins have been found 
to replace vernalization treatment of seeds (Blaney, 1957 ; Bukovac and Wittwer, 
1957 ; Lang, 1957 and Wittwer and Bukovac, 1957c). However, this question 
does not arise in Sesamum as prechilling of seeds has no effect on its flowering 
(Chakravarti, 1956). It would be of great interest to determine the effect of 
gibberellic acid and gibberellins on the flowering Of plants with a single phase of 
growth and giving a positive response to the vernalization treatment. 

Summary and Conclusions 

In the present investigation effect of 1, 10, and lOO ppm. of aqueous solution 
of gibberellic acid (GA), when applied as pre-sowing leaking treatment of seeds 
and also as foliar sprays and drops of different durationi at three stages in the life 
cycle of Sesamum indicum on its flowering behaviour liAs been studied. Data of 
the time taken for anthesis from the date of sowing and also of the amount of 
vegetative growth expressed as leaf numbers preceding the first flower have been 
collected. 

In none of the cases, however, there has been, an early Induction of flowering. 
On the contrary, in spraying treatments of 10 day old plants with 100 ppm. of 
GA once a week for five times and of 24 day old plants with the same concentra- 
tion daily for five consecutive days and five times once every third day, there has 
been a significant delay in flowering as determined by both the criteria referred 
above. 

It is concluded that GA does not have any florigenic property and it brings 
abo!it an earliness in flowering in biennial and annual plants with two distinct 
phases of growth, one of rosette formation and the other of stem elongation and 
flowering, in an indirect way. 
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Abstract 

Tho haploid nutiibor of chromosomes in Funaria calvcscens Sohw., Bryuni cellulare Hook., 
B. ramosum (Hook.) Mitt., if. jhseudo-pachy theca C. Miill., Fohlia elonyata Hedw. and P. flexmsa 
Hook, is 14, 10, 10, 20, 11, 11, respectively. 


Introduction 

In the first paper of this series Pande and Chopra (1957a) recorded their 
observations on the chromosome number in four Indian mosses, reporting the sex 
chromos()mes in two of them viz. Pogomtum stevensii Ren. & Card, and Bryum 
nitens Hook, and subsequently (Pande and Chopra, 19576) the cytology of three 
more mosses was investigated. Pand6 and Chopra (unpubliaM) studied 
the chromosome number and the presence of diplosporae in Physcomitrium 
sp., having the haploid number n— 3 which apparently is the smallest chromosome 
count recorded so far in the mosses. 

The present contribution deals with the cytology of Funaria calvescen^ Schw., 
Bryum celluhre Hook., J5. ramomm (Hook.) Mitt., B. pseudo-pachytheca C. Miill., 
Pohlia elongata Hedw. and P. Jlexuosa Hook. 


Material and Method 

The material of all the species investigated for this communication was 
collected from Kud which lies at a distance of about 50 miles from Jammu, on 
Jammu-Srinagar Road, at an altitude of 5,000 ft. above sea-level and Batot another 
town in the same state situated 15 miles further ahead on the same road at an 
altitude of about 6,000 ft. above sea-level. Fixation was done in the field in acetic- 
alcohol (1:3). The observations recorded below are exclusively based on aceto- 
caimine squash preparations. Capsules in which the operculum is not pigmented 
were selected for the present study as they yielded the required stages. 


* Contribution from the Department of Botany, Lucknow University, Lucknow, India, 
New Series No. 32. 

1 Department of Botany, Lucknow University, Lucknow, India. 

2 Present Address : — Birbal Sahni Institute of Palaeobotany, Lucknow. 
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Observations 

L Furmria calvescens Sehw., is a member of the tamily Fumriaceae. Tn 
several capsule squash preparations 14 bivalents were counted at diakinesis and 
metaphase I in a number of sporocytes (Figs. 1-2). Meiosis is of the normal type. 

2. Bryum cdlulare Hook, belongs to the family Bryareae. In several prepara- 
tions of the capsule squashes 10 bivalents were counted at diakinesis and n\eta- 
phase I. Two of the bivalents showed a marked difference in size from the remain- 
ing eight, one of them, A, being bigger than the others, while the other one B, 
is smaller. The rest of the bivalents are, more or less, of intermediate size. The 
position of the smaller bivalent, with respect to other chromosomes, is variable 
(compare Figs. 3-4). No laggards were observed during the process of formation 
of diad and tetrad nuclei. 

3. B. ramosum (Hook.) Mitt. In a number of sporocytes in several capsule 
squashes 10 bivalents could be counted at metaphase I (Fig. 5). The meiosis 
follows the normal course. 

4. B. 'pseudo-pacJiytMai C. Miill. In several acetociarmine capsule squashes 
20 bivalents were counted at diakinesis and metaphase I. Two of the bivalents 
are small, two others are bigger, while the rest arc int(^rmediatc in size (Figs. 0-7). 
B, pseudO'pachythee/i shows two sets of ten bivalents and it can be inferrcMl that 
this species might have originated from a stock with 2n ~ 20 (18 f mM) in the 
evolution of the species of the genus Brytmi. 

.5. Pohlia elongata Hedw. belongs to the family Bryaceae, In several a(‘eto- 
carminc capsule squashes 11 bivalents could be counted at diakinesis and meta- 
phase I (Fig.s. 8-9). One of these is conspicuously large as compared to the 
remaining 10. Meiosis is of the normal type. 

0. P. flexuom Hook. 11 bivalents were counted at Metaphase I in a 
number of sporocyctes in aceto-carmine capsule squashes. (Fig. 10). 


Discussion and Conclusion 

In their earlier papers Pande and Chopra (1957a7>) presented in a tabular 
form the chromosome counts known for the various species of Funaria and the Oyto- 
logical races of Fmmria hygrometrica. The present ct)mmunication includes a 
supplementary list of the chromosome numbers of a few other species. Obviously 
n == 14, reported for central European material (Wettstein, 1924) and (Californian 
material of Fuiuiria hygrometrica (Vaarama, 1953) is the basic number for the 
genus Fumria. 

Wettstein (1924) reported n ^ 16 for PhyscomitrelUi patem. 

According to Schmidt (1931) the gametophytic chromosome number for the 
German material of Physcomitrium pyriform^ is 36, while Pande and Chopra (i9r)7u) 
found — 9 for the same species. In another species of Physemminum Panrk' 
and Chopra (unpublished) observed two types of sporocytes in the same capsule 
with n = 3 and n — 6.' 

Pand6 and Chopra (19576) reported n 31 for Physcomitrellopsis wdica. 

It will be evident from the table given below that the basic numbers for 
Funuria, Physcornitrdla, Physcomitrium and PhyscomitreUopsis, of the family 
Funariaceae, is w ™ 14, n = 16, n =- 3, w- ~ 31 respectively which evolved indepen- 
dently and without any oytological inter-generic relationsliip whatsoever. 

IVom the chromosome numbers that have so far been giv^en tor the species of 
Bryum it can safely be inferred that the basic number for this genus is 10. Out 
of , the five Indian species of Bryum that have been worked out (Chopra, 1957a : 
Pand6 and Chopra 19676), in four of the species, the chromosome number is n 10 
while one shows n = 20. In Bryum niUns^ by a treatment of the spores with 
Goichioine, Chopra (19676) obtained diploid gametophytes experimentally. 

7 
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For the genus Pohlia obviously the basic number is 11. 

Table giving the chromosome number of some members of the Families 
Funariacoae and Bryaceae 


Name of the family and the n Author and tho year 

plant 

Genus Funaria 

F. muhlenbergii Var. patula 
*F. calvescens 
F, hygrometrica. 

f t 
) } 

9f 


Genus Physcomitrium 

P, pyriforme 

36 

Schmidt (1931). 

9» 

9 

Pand6 and Chopra (1957a). 

P, sp. 

3&6 

Pand6 and Chopra (unpublish 

Genua Physcomitrellnpsis 

P, indica 

31 

Pand6 and Chopra (19575). 

Genus Physcomitrdla 

P, patem 

16 

Wettstein (1924) 

Family Bryaceae, 

Genus Bryum, 

B, cyclophyllum 

10 

Yano (1956). 

Yano*(1962). 

B, nagasakense 

10 

B, pallescens 

10 

B, pseudo -alpinum 

10 

Yano (1956). 

B, hicolor 

10 

Vaarama (1956). 

B, caespiticium 

10 

Marohal and Marohal (1911). 

B. caespiticium 

10 

Yano (1956). 

i* 

20 

Samiomiya (1955), 

B, corrensii 

20 

Griesinger (1937). 

>> 

20 

Wettstein and Straub (1942). 

» 9 

40 

(Exporimental) 

Griesinger (1937). 

B. capillare 

10 

Marchal and Marchal (1911). 

f > 

20 

(Experimental) 

99 9 9 

> > 

10+2-3 

Steero et al, (1954), 

B, pseudotriquetrum 

10 

Heitz (1928). 

99 

10+ Im 

Stoere (1954a). 


Explanation of Tfxt-Fig, 1. 

Pigs. 1-2 Funaria calvescens Sohw., 

Fig. 1. 14 bivalents at diakinesis. 

Fig. 2. 14 bivalents at metaphase I. 

Figs. 3-4 Bryum ceUtdare Hook. 

Fig. 3. 10 bivalents at diakinesis. 

Fig. 4. 10 bivalents at metaphasa. 

Fig, 5. Bi^m ramosum (Hook.) Mitt. 

Fig. 5. 10 bivalents at metaphase I, 

Figs. 0-7 B^um pseudo-pachytheca C. Miill. 

Figs. 6-7. 20 bivalents at metaj^hase I, including 2m & 2M pairs. 
Figs. 8-9 PoMia elongata Hedw. 

Fig. 8. 11 bivalents at diakinesis. 

Fig. 9. 11 bivalents at metaphase I. 

Fig. 10. BMiaftexuasaTSLook* 

Fig. 10. 11 bivalents at metaphase I. 


28 

Stooro (1954a), 

14 

Pand6 and Chopra. 

14 

Wettstein (1924). 

14 

Vaarama (1953). 

28 

Vaarama (I960, 1956). 

28 

Steero (1964a). 
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Table — Contd, 


Name of tho family and tlie n Author and tho year 

plant 


♦R. cellular e 

9-f Im 

Pandt' and Chopra. 

*B. ramosum 

10 


♦/?. pseudo-pachytheca 

20 

(18+Min) 

f * 

B, nitens 

10 

(0-fa; or y) 

Pand6 and Chopra (1957a). 

9 9 

Genus Pohlia 

20 

(Exporimeiital) 

Chopra (19576). 

P, cruda 

10 

Steore (19546). 

P, scabridens 

10 

Yano (1956). 

P. wahlenhergii 

n 

Yano (19.50). 

P. suzucJcii 

20 

9 9 

P, acuminata 

11 


P, columbica 

11 

9 9 

P. deli ca tula 

11 

9 9 

P. elongata 

11 

Yano (1953). 

P. revolufa 

II 

Pande and (/hopra. 

11 

Yano (1956). 

P. longicoUa 

22 

Yano (1953). 

P. nutans 

22 

Vaarama (1956). 

P, nutans 

22 

Yano (1963, 1956). 

P, nutans 

21 

Stoero (19546). 

*P. flcicuosa 

11 

Pttnd6 and Chopra. 

P. longibracteata 

12 

Stooro (1954a). 


* based on tho present study. 
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Abstract 

1. Nino (lifToront spocioa of the family Marantaceae distributed under two genera 
Calathm and Mtiranta have boon cytologically studied. The chromosome numbers counted 
for the different 8f)ecio8 are : 


i) 

Calathea leopardina Rogol 

in ™ 8 

ii) 

C. vanenheckei Kogol 

2n 22 

iii) 

C, zebrina Lindl. 

in = 22 

iv) 

C. pr in ceps Kogol 

in = 22 

V) 

C. ornata Koorn. 

2/1 = 26 

Vi) 

MaraJita insignis Hort. 

in = 26 

vii) 

M. picta 

in = 26 

viii) 

M. leuroneura E.Morr. 

in 26 

ix) 

M. kejeljani E. Morr. 

in - 33 


2. Detailed karyotype studios of all these species have been made. On the basis of 
cytological data, interrolationshij) between the two genera as well as their present taxonomic 
status have boon discussed. Species with 2« — 8 chromosomes have been considered as re- 
presenting the most primitive condition. 

II. Evidence of structural changes of chromosomes playing a r61e in speciation has been 
gathered specially from their karyotypes. 

4. The significance of variation in eluomosomo number in different individuals of the 
same species, on the basis of the report of previous as well as the present one, has been discussed 
in relation to tho origin of chromosomal biotypos in nature. 

6. Occurromie of structural and numerical alterations in tho somatic complements 
of different species has been noted. In view of inoffectivo sexual reproduction, their importance 
n the origin of biotypes and species through vegetative reproduction has been pointed out. 


Introduction 

Species of Calathea and Maranta propagate strictly through vegetative means. 
Flowers are either never produced or noted very scarcely in them. Even then, 
both the genera have got a number of species which are often cultivated specially 
in the tropical regions because of the ornamentation of their leaves. In addition 
to these, the importance of Maranta anmdinacea, the arrowroot yielding plant, 
is well known. These two genera comprise the major part of the family liferanta- 
ceao. 

A glance at the available cytological literature on the two genera reveals 
certain interesting facts (Venkatasubban, 1946 ; Sato, 1948 ; Simmonds, 1954). 
A number of species differ from each other with respect to their chromosome 
number. More interesting is the fact that even in a single species individuals with 
different chromosome numbers have been found such as Calathea veitchiana, 
C* lietzei, C, zebrina, Maranta arundinacea etc. Chromosome number as low as 
eight has been reported in Calathea veitchiana. In this species, different authors 
have reported different somatic numbers in the individuals studied by them 
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(cf. Sato’s report of eight chromosomes in C, veitchiana and Verikatasubban’s report 
of twenty-six chromosomes in the same, Lc.), 

The absence of any sexual reproduction in two such successful genera 
obviously makes them interesting materials for a study of the mechanism of specia- 
tion. Unfortunately no serious attempts have been made to study this aspect 
so far. In plants reproducing through asexual means certain peculiarities in the 
chromosome behaviour are noted which are correlated to the origin of species in 
such plants to a remarkable degree. It has been thought worthwhile to find out 
whether in the members of the family Marantaceae too the same type of behaviour 
is present. Moreover, the literature shows that a number of species gi-owing in 
India still remain uninvestigated. Because of this, and also taking into account 
the fact that these two genera provide ample scope for cytological studies, the 
present investigation has been undertaken. 

Fortunately, as the text would reveal, significant peculiarities in the chromo- 
some behaviour of these species have been obtained which throw considerable 
light to an understanding of the method of speciation. From the records so far 
gathered including those of the previous authors, an attempt has been made here 
to suggest the mechanism of speciation operating in them and to work out the 
systematic status and the affinities of the two genera. 


Materials and Metpiods 


A. Materials 

Tlie following species of plants were the source of materials for the purpose 
of the present investigation : 

1. Calathea leopardina Regel 

2. C, princeps Regel 

3. C, vandenheckei Regel 

4. C. zebrina Lindl. 

5. C, ornata Koerpi. 

6. Marania insignis Hort. 

7. M, leuconeura E. Morr. 

8. M. picta 

9. M, hegeljani E. Morr. 

Most of the species of the genera (\tlaihea and Marania are inhabitants of 
tropical America and are generally found in moist or swampy regions. But several 
species are cultivated in India as ornamental garden plants and also for commercial 
purposes. Ornamentation of their foliage is very diverse including stripes, spots, 
and various shades of colour on the upper and lower surfaces. 

The materials were collected from a local nursery of Calcutta and were grown 
in a moist shady nursery of the University compound. For root-tips, rhizomes 
were placed in suitable earthenware pots in a mixture of sand and soil. Another 
set of plants was grown in garden plots for the initiation of flowers. 

B. Methods 

Study of somatic chromosomes presented much difficulty. Various metallic 
and non-metallic fixatives with varying proportions were used. Different types 
of pre-treatment chemicals were tried to get good results. Trials were given in 
Aesculin, Para-dichlorobenzene, Coumarin, and Newcomer’s fluid (Newcomer, 
1953). It was found that a mixture of Newcomer’s fluid and Para-dichlorobenzene 
(aqueous) in the proportion of 1 : 1 yielded best results. But the main difficulty 
with the somatic chromosomes is their very weak stainability and to overcome 
this^ a modified technique was applied. This was as follows : 
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Newcomer’s fluid (Iso-propyl alcohol : Propionic acid : Ether : Acetone : 
Dioxan :: 6 : 3 : 1 : 1 : 1) and aqueous solution of Para-dichlorobenzeno were 
mixed in the proportion of 1 ; 1 just before treatment. Healtliy root-tips were next 
treated in this mixture for U hours at lO^^C. The materials w'ere then hydrolysed 
and stained in a mixture of 2 per cent Aceto-orcein and N/HCl (9:1) by heating 
over a flame for a few seconds. Stained root-tips were next transferred to 1 per 
cent iron alum solution (aqueous) and heated for a few more seconds. The 
materials w*ere then immediately placed in 1 per cent Aceto-orcein solution and 
squashed. Slides were sealed properly. The peak period of mitotic division was 
found to occur between 10 A.M. to 12 noon. Paraffin sections, 14/^ thick, wore 
also cut and stained following Newton’s crystal violet technique. 

The figures were drawn at a table magnification x 29,00 using a Zeiss com- 
pensating eye-piece of x20 and a 1.3 apochromatic objective. 

In the drawings, chromosomes w‘ith secondary constrictions have been drawn 
in outline. 


Observations 

All the different species are perennial herbs with rhizomatous stems. Leaves 
are borne in two rows, each leaf differentiated into an open sheath, stalk and a 
blade. 

Nine species distributed under the two genera, Calathea and Maranta, have 
been oytologieally examined in the present case. The somatic chromosome number 
in them has been found to range from as low as 2ri 8 to as high as 2n — 33. 
Nuclei with varying number of chromosomes in their complements, involving both 
structural and numerical alterations have been observed in all of them. That 
somatic number which occurs in the highest frequency, is taken as the normal 
number for the species. 


G ENUs — Calath ea 

Five species were investigated. Of these, three are (diaracterized by twenty- 
two, one by twenty-six and the remaining one by having only eight chromosomes 
in their somatic complements respectively. 

The c^hroraosomes show no marked size difference but a slow gradation in 
size is found within the complement of the different species. The number of 
chromosomes with secondary constrictions varies from two to eight. Chromosomes 
with supernumerary constrictions are found in two species. Size of the chromo- 
somes ranges from \.\[i to 3.4/^ and on its basis three general groups can be re- 
cognized, viz., comparatively long, medium and short. Primary constrictions 
are mostly median to submedian in position. 

All the different species of this genus reveal a gross similarity as regards the 
morphology of the chromosomes. So it will be convenient to describe the general 
chromosome types first. Their finer details will be described under the karyotype 
analysis for each species. Following are the main types : — 

Type A — Represents medium sized chromosomes each having three constrictions, 
one primary and two secondary, of which one is nearly median in 
position and the other two in siibmedian positions at the two opposite 
ends. 

Type A| — ^Medium sized chromosomes each with three constrictions, one primary 
and two secondary, of which one is nearly subraedian in position, 
another located at the middle of the shorter arm and the third nearly 
submedian, in position at the distal end of the longer arm, 
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Type B — ^Medium sized chromosomes (comparaidvely long in one case) each with 
two constrictions, primary and secondary, one nearly median and 
the other nearly submedian, placed very near the former. 

Type C— Comparatively long chromosomes each possessing two constrictions, 
primary and secondary,^ one nearly median and the other nearly 
subterminal at the distal end of the comparatively longer arm. 

Type D — Medium sized chromosomes each with two constrictions, primary and 
secondary, both in submedian positions at the two distal ends. It 
differs from E in having the position of chromosome arm between 
the two constrictions much longer in size than the other two distal 
parts. 

Type E — ^Medium sized chromosomes each with two constrictions, primary and 
secondary, both located in nearly submedian positions at the opposite 
ends of the chromosomes. 

Type F — Medium sized (comparatively long in some cases) chromosomes with 
nearly submedian to submedian primary constrictions. 

Type G — Short (comparatively medium sized in a few pairs) chromosomes with 
nearly median to median primary constrictions. 

T3T)® H — Short to very short chromosomes with median primary constrictions. 

1, C. leopardim Hegel (2n — & — 2M^+4:M-\-2S) 

Herbaceous perennials with small root-stock and a few small leaves. Petioles 

short, leaf-surface with white patches along the mid-rib. 

The somatic chromosome number in the normal plate is found to be 2n 8 

(Fig. 1). Size diiference is not marked and two groups can be recognised. 

i) Three pairs of medium sized chromosomes, and 

ii) One pair of short chromosomes. 

Of these, only one pair of chromosomes is found to bear secondary constric- 
tions. The size range varies between 1.6// to 2.8//. 

Detailed karyotype analysis is shown in the following table (Table I, Pig. 2) : — 


Table I 

Karyotype analysis in C. loopardina 


Type Number Special features 


D 1 pair Comparatively longer than other D tyjjes. 

F 2 pairs Otm pair slightly longer than the other. 

G I pair Common G ty|w. 


In addition to the normal karyotype, a variation plate with twelve chromo- 
somes is also on record (Fig. 3). In the somatic prophase of the normal plate two 
chromosomes are found to be attached with the nucleolus (Pig. 4). 

2. C, princepa Regel (2n 22 ^ 2L*+2M^+10M+SS) 

Leaves long-petioled, long and narrow, upper sarface dark green and glossy ; 
lower surface pink. 

Twenty-two chromosomes are present in the complements of normal somatic 
cells (Pig. 6). Size difference is comparatively marked, and on its basis, the chromo- 
somes can be divided into the following general groups : — 

i) One pair of comparatively long chromosomes, 

ii) Six pairs of medium sized chromosomes, and 

iii) Pour pairs of short to very short chromosomes. 
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Of these, four chromosomes bear secondary constrictions. The size ranges 
from ],2;t to 3.1/<. 

Table II shows the detailed analysis of the karyotype (Fig. 6). 


Table II 

Karyotype analysis in C. princeps 


Type 

Number 

Special features 

c 

1 pair 

Normal C typo. 

F 

1 „ 

Longer than other F type. 

E 

1 » 

Common E typo. 

G 

6 pairs 

Two pairs comparatively longer than 
normal G typo. 

H 

2 n 

Common H typo. 


In addition to the normal karyotype, a cell with abnormal number of chromo- 
somes (2n — 20) is also on record (Fig. 7). 

3. C. vandenheckei Regel (2n 22 = 2L^-\-SM-\-l2S) 

Leaves large, ovate, long-pctioled, upper surface dark green and glossy, lower 
surface pink. Pale yellow patches along the mid-rib conspicuous. 

The normal somatic cells of the species contain 2n — 22 chromosomes (Fig. 8), 
Beside one pair of comparatively long chromosomes, the rest are medium sized 
to short forming a graded series. iSize difference makes the chromosomes divisible 
into three groups. 

i) One pair of comparatively long chromosomes, 

ii) Four pairs of medium sized chromosomes, and 

iii) Six pairs of short to very short chromosomes. 

Of these chromosomes, only one pair is seen to bear secondary constrictions* 
The size ranges from 1.2/t to 3.4//. Detailed study of the chromosome morphology 
is revealed from the following table (Table III, Fig. 9) 


Table HI 

Karyotype study in C. vandenheckoi 


Type 

Number 

Special features 

B 

1 pair 

Longer than other B types. 

F 

3 pairs 

Common F type. 

G 

4 

G „ 

H 

3 „ 

„ H „ 


Beside the normal karyotype, a .variation plate with 2n = 24 chromosomes 
is on record (Fig. 10). Late separation of chromosomes forming an apparent 
somatic bridge (Fig, 11) and lagging chromosomes are also observed (Fig, 11a). 

4. C. Lindl (2n = 22 = 2Jf"+4Jlf'+4ilf+12S) 

Leaves many, ovate-lanceolate, pale green with light black stripes diverging 
from the mid-rib. 
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2^ 22 chromosomes are found in cells with normal somatic complements 

(Fig. 12). Size difference is not marked and two general groups can be recognized. 

i) Five pairs of medium-sized chromosomes, and 

ii) Six pairs of short to very short chromosomes. 

Three pairs of chromosomes are found to bear secondary constrictions, one 
pair of which possesses supernumerary constrictions. The size range varies between 
1.2/^ to 2.7/^. Detailed karyotype analysis is shown in Table IV (Fig. 13). 

Table IV 

Analyaia of Karyotype in C. zobrina 


T 3 pe Number Special features 


A 

1 

pair 

Normal A type. 

D 

1 

pair 

Shorter than common D type. 

E 

1 

pair 

>» »» E „ 

F 

2 

pairs 

Common P type 

G 

2 

pairs 

G .. 

H 

4 

pairs 

» H „ 


In addition to the normal karyotype, several variation plates, involving both 
structural and numerical changes in chromosomes arc on record. Numbers 
both lower and higher than the normal 2n — 22 plates are 'found viz., 2n -- 20, 23, 
25, 26 and 30 (Figs. 14-18). Nuclei maintaining the normal number show structural 
alterations in some cases (Fig. 18a). Somatic irregularities namely, lagging and 
late separation of chromosomes are also observed. 

5. (7. omata Koern. (2n = 26 = 2Jlf**+6if*+18^) 

Leaves numerous, large, pink beneath, upper surface dark green with fine 
white stripes. 

Normal somatic complement is found to contain twenty-six chromosomes 
(Fig, 19). Size difference is not so marked, and on its basis following two general 
groups can be recognized : — 

i) Four pairs of medium sized chromosomes, and 

ii) Nine pairs of short to very short chromosomes. 

Of these, eight chromosomes bear secondary constrictions including one pair 
with supernumerary constrictions. The size ranges from 1.1/^ to 2.8//,. Detailed 
morphology of the chromosomes is revealed in Table V (Fig. 20). 

Table V 

Karytype analysis in C. omata 


Type 

Number 

Special features 

A, 

1 pair 

Normal Ai type. 

B 

1 „ 

Shorter than other B types. 

One constriction in each of the chromo- 
somes much pronounced. 

E 

2 pairs 

G 

7 

A few pairs shorter than general G typo. 

H 

2 .. 

Common H type. 


Variation plates with different chromosome numbers, such as 2n = 19, 24 
and 30 are also on record (Figs, 21-23)4 Somatic irregularities such as, non* 
disjunction and lagging are observed in some cases. 
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Genus — Maranta 

Four species belonging to this genus were studied. Of these, three are charac- 
terized by twenty-six and the other one by thirty-three chromosomes. Besides 
these, several variation plates are also oa record. 

The chromosomes show no well marked size difference within the comple- 
ment, but they form a graded series. Secondary constrictions are found to occur 
ill four to nine chromosomes. Two species reveal chromosomes with super- 
numerary constrictions. Size of the chromosomes ranges from l.2/i to 4.1/a, They 
arc mostly medium to short in size except in M, kegeljani, in which typo is com- 
paratively longer than in the rest of the species. 

In the detailed karyotypes of the different species, the general chromosome 
types are described first on a comparative basis and the minor differences shown 
separately. The principal types are : — 

Type A — Medium sized to comparatively long chromosomes each with three cons- 
trictions, one primary and two secondary, of which one is nearly 
median and the other two in submedian positions at the opposite 
ends. 

Type Aj — Long chromosome having three constrictions, one primary and the other 
two secondary. One constriction is median and the other two are 
placed in submedihn positions at the two arms. This type is much 
longer than the A type. 

Type B — Medium sized chromosomes each with two constrictions, primary and 
secondary, one nearly median and the other nearly subterminal at 
the distal end of the comparatively longer arm. 

Type C — Medium sized chromosomes each with two constrictions, primary and 
secondary, both located in nearly submedian positions at the opposite 
ends of the chromosomes. 

Type D — ^Medium sized chromosomes with nearly submedian to submedian pri- 
mary constrictions. 

Type E — Short chromosomes with nearly median to median primary constrictions. 
Type F — Very short chromosomes with median primary constrictions. 

6. M, imignis Hort. (2n --- 26 ~ f 18/S) 

Leaves small, narrow, shortly petioled with undulating margin. 

The somatic chromosome number in the normal plate is fouiKl to be 2n 26 
(Fig. 24). Size difference is not marked and two groups can be recognised. 

i) Four pairs of medium sized chromosomes. 

ii) Nine pairs of short to very short chromosomes. 

Four chromosomes are found to bear secondary constrictions. The size 
range varies between 1.2/^ and 2.1/a. Detailed karyotyj^e analysis is shown in tlie 
following table (Table VI, Fig. 26) : — 


Tabls! VI 

Amlysia of karyotype in M. insignia 


Typo Numlwr Special features 


1 pair Common B typo. 

1 „ Slightly shorter than common C type. 

2 pairs Common D type 

7 ,, „ E „ 


B 

C 

D 

E 

F 
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In addition to the normal karyotypes, a variation plate with 2n = 22 chromo- 
somes is on record (Fig. 26). 

7, M. leuconeura E. Morr. (2?i 26 — 2L^+2M^^+2M+2{)S) 

Leaves small, ovate, upper surface dark green with light patches. 

Twentysix chromosomes are found in cells with normal somatic complements 
(Fig. 27). Size diflFerence is present and on its basis, the following general groups 
can be recognized : 

i) One pair of comparatively long chromosomes. 

ii) Two pairs of medium sized chromosomes. 

iii) Ten pairs of short to very short chromosomes. 

Two pairs of chromosomes bear secondary constrictions including one pair 
with supernumerary constrictions. The size difference varies from l.2/i to 3.1/^. 
Table VII shows the detailed analysis of the karyot 3 rpe (Fig. 28). 

Table VII 

Karyotype analysis in M. leuconeura 


Typo 

Number 

Special features 

A 

1 pair 

Comparatively longer in size and the arm 
at one end is also slightly longer than 
the general A typo. 

C 

i ,, 

Common C type. 

D 

1 .. 

„ D „ 

E 

7 pairs 

Common E type forming a graded series. 

F 

3 

Common F type. 


Some nuclei with 2n ^ 26 chromosomes show structural alterations in their 
complements (Fig. 29). Numerically altered miclei (2n === 28) are also observed 
in a few cases (Fig. 30). 

8. if. picUi {2n ~ 26 = 6if*+6Jlf+14/S) 

Plants small, leaves ovate, very thin, pale green with beautiful dark spots 
on the upper surface. 

The normal somatic complement is found to contain twentysix chromosomes 
(Fig. 31). Size difference is not marked and two general groups can be recognised. 

i) Six pairs of medium sized chromosomes, and 

ii) Seven pairs of short to very short chromosomes. 

Of these, six chromosomes bear secondary constrictions. The size ranges 
between 1.2/t and 2.5/^. Detailed karyotype is revealed in Table VIII (Fig. 32). 

Table VIII 

Kasyotype ancUysia in M. picta 


Type Number Special features 


B 1 pair Common B type 

C 2 pairs One constriction in each of a pair of 

chromosomes is much shorter than the 
other. 

„ Common D type 

ff 99 E ,, 

99 99 F „ 


D 3 

E 4 

F 3 
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One variation plate with 27i — 33 chromosomes is also noticed (Fig. 33). 

9. M. kegeljmii E. Morr. {2n 33 = li/*i^+2L^*+2L+6iW+8ilf+16S) 

Loaves numerous, oblong, long petiole^, yellowish green, margins parallel. 
Upper surface very glossy. 

Thirty three chromosomes are found in the cells with normal somatic com- 
plements (Fig. 34). Size difference is comparatively marked and on its basis the 
following groups can be recognized : — 

i) One long chromosome, the longest in the set, 

ii) One pair of comparatively long chromosomes, 

iii) Five pairs of medium sized chromosomes, and 

iv) Ten pairs of short to very short chromosomes. 

Altogether nine chromosomes are found to bear secondary constrictions, 
of these, three bear supernumerary constrictions. The size difference varies from, 
1 . 2/1 to 4.1/1. Detailed karyotype is described in the following table (Table IX 
Fig. 35);— 


Table IX 

Analysis of karyotype in M. kogeljani 


Typo 

Number 

Special features 

Ai 

One only 

Longest chromosome with supernum- 
erary constriction. 

A 

1 pair 

Common A type 

B 

1 .. 

»» B „ 

C 

2 pairs 

Ono constriction in each of a pair much 
pronounced. 

D 

2 „ 

Common D tyT)e 

E 

6 „ 

„ E „ 

F 

4 „ 

,, F „ 


In addition to the normal karyotype, a large number of somatic nuclei with 
abnormal chromosome complements, involving both structural and numerical 
alterations, are also on record. Variations in chromosome number found are 
2n - 20, 26, 30, 36, 41, 42, 44 and 47 (Figs. 36-43). Lagging cliromosomes at 
anaphase are also recorded in some cases (Fig. 44). Some 2n ~~ 33 complements 
exhibit structural alterations of chromosomes (Fig. 45). 


Discussion 

1 . Variation in chromosome number and the origin of chromjosovml bwtyj)es. 

The two genera Cahthea and MaranUiy included under the tribes Phrynieae 
and Marantae respectively, are considered by taxonomists as very much related 
to each other (Engler and Prantl, 1930 ; Hutchinson, 1934). A number of species 
already included under the genus Maranta have later been transferred to the genus 
Calathea, 

Cytological literature reveate that so far as the genus CaJathe/i is concerned, 
multiples of four, eleven, twelve and thirteen chromosomes have been found in 
the complements of the different species (Venkatasubban, 1946 ; Sato, 1948). 
Eight chromosomes have only been reported in C. veitchiam by Sato (l.c,) and in 
the present report, G. leopardina has also been shown to possess 2n ~ i chromo- 
somes. Different species are also on record with 2n = 22, 24 and 52 chromosomes 
respectively (vide Table X). Further, in each of the species of C. liettei and 

2 
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C. zebrina, plants have been found with 2n = 24 and 26 chromosomes by Venkata- 
subban (Lc,), Individuals of C\ zebrina reported in the present paper, on the other 
hand, show 2n ~ 22 chromosomes indicating the presence of a large number of 
chromosomal biotypcs in these species. Keports of chromosome numbers in 
C, leopardina (2n 8), C. vandmheckei {2n ~ 22), C, onmtu (2n 26) and 

C, princeps (2n ™ 22) have been made for the first time in this paper. 

Table X 

Previous and present records of chromosome number in Calathea ami Maranta 


Species 

Previous record 

Present record 
{2n No.) 

(2n Ko.) 

Author 

I. Calathea 

8 

JSato (1948) 

— 

veitchiana 

26 

(Venkatasubban (1946) 


C, leopardina 

— 

— 

8 

C\ m^iopicta 

22 

Venkatasubban (1940) 

— 

(7. insignis 

22 

Sato (1948) 

— 

C, vandenheckei 

— 

— 

22 

C, princeps 

— 

— 

22 

0. zebrina 

24, 20 

Venkatasubban (1946) 

22 

0. grandiflora 

24 

>1 

— 

C, ornata 

— 



26 

C, lietzei 

24, 20 

Venkatasubban (1946) 

— 

0. lindeniana 

26 


— 

C. makoyana 

26 

»♦ »» 

— 

C, roseo-picta 

26 

Sato (1948) 

— 

C* taeniosa 

62 

— 

II. Maranta nitida-picta 

M, arundianocea 

8 

VenkataBuV)baii (1946) 

— 

V, variegatum 

18 

Sato (1948) 

— 

W. I. Arrowroot 

48 

Situmonds (1954) 

— 

M. bicolor 

24 

Venkatasubban (1946) 

— 

M, tigrina 

24 


— 

M, insignis 

— 

— 

26 

M, picta 

— 

— 

26 

M, leuconeura 

— 

— 

26 

V. massangeana 

26 

Venkatasubban (1946) 

— 

M, nitida 

26 

>> >> 


M, striata 

26 

Sato (1948) 

— 

M. kegeljani 

— 

— 

33 


The occurrence of different cliromosome numbers in this genus does not 
necessarily indicate that they belong to different complexes. This is mainly borne 
out by the fact that even in the same species, different chromosomal biotypes such 
as, 2n 22, 24 and 26 found in different individuals, as noted in C, lietzei and 
0. zebrina, are in existence. This obviously implies that the different chromosome 
numbers noted in species of Calathea are all representatives of a common assemblage, 
representing in all probability a single evolutionary line. From the same stock, 
different species have evolved and their specific status has gradually been attained 
through continuous accumulation of new variations. 

Evidently in this line of evolution, individuals of species with 27 ^ = 8 chromo- 
somes approach more towards the ancestral forms. That species with 2n = 8 
chromosomes, such as, (7. veitchiana, belong to the same evolutionary line, is also 
indicated by the occurrence of individuals with 2n — 26 chromosomes in the same 
species (Venkatasubban, 1946). At the present state of our knowledge, therefore 
one can safely* assume that C. veitchiana and (7. leopardina represent more of the 
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ancestral condition than the other species. That all these species belong to the 
same assemblage, is also evidenced by a gross resemblance in their general morphology 
of the chromosomes. 

Similar to the genus Galathm, in species of Maranta too, difiFerent chromosome 
numbers have been reported in dilferent species. The previous literature shows 
that chromosome numbers such as 2n - 8, 24 and 26 arc present in dilferent 
species (Venkatasubban, 1946 ; Sato, 1948 ; Simmonds, 1954). In M. arundinacea, 
both 2/^ = 18 and 48 chromosomes have been reported in different varieties. Of 
the species reported in the present paper, three are characterized by 2n — 26 
chromosomes and one with 2n ~ 33 chromosomes. The occurrence of such widely 
different chromosome numbers even in the same genus is quite significant. It 
has already been emphasized that even in the same species as M. arundinacea, 
individuals are in existence with widely differing chromosome numbers. One 
of them is designated as a distinct variety. Esistence of individuals in the same 
species with different (chromosome numbers finds parallel in species of Galathea 
though however in the latter genus such at occurrence has been noticed in a number 
of species. It is not unlikely that in other species of Maranta too a thorough search 
may reveal such chromosomal biotypes. In that case, as in Galathea, here also all 
the species may represent members of side branches of a single line of evolution 
with possibly M, mtida-picta with 2n ^ 8 chromosomes approaching more towards 
the ancestral forms. The present investigation provides support to such an assump- 
tion. Of the four species investigated here, three, namely, iff. insignis, iff, leuco* 
neura and iff. j)icM contain 2ii ~ 26 chromosomes and one, that is iff. kegeljani, 
2n - 33 chromosomes. Though the species differ with respect to minor details 
of karyotype even then, a gross resemblance in general morphology of chromo- 
somes is noticed between them. The species of MaranUi so far investigated 
represent in all probability a common line like the species of Galathea. 

In this connection it is worth noting that investigations on other species 
of Calathea and Maranta by Venkatasubban (l.c.) led him to consider that at least 
two different evolutionary lines are running within the genera, one starting with 
the basic set of n 4 and other with 7i - 6 chromosomes. So far as the present 
observation shows there is no reason to assume two different evolutionary lines 
within the two genera. Galathea leopardina, of the present report, with 2 r 2 . = 8 
chromosomes does not show much difference in chromosome size from that of the 
otlier species. Further, within the same species of Galathea veitchiana both 
2n = 8 and 2n --- 26 chromosomes have been reported in different individuals 
(Venkatasubban, Sato, l.c.). Taking all these factors into account it seems better 
to consider all of them as representatives of a single line of evolution. 

2. Structural difference of chromosomes betiveen different species of Maranta and 
Calathea. 

The problem naturally arises as to how such chromosomal biotypes originate. 
In this connection the means of propagation of the species seems worthy of note. 
They are all propagated through vegetative means and flowering and seed-setting 
are very rare. Even when flowering is noted, so far as the author is aware, setting 
of viable seeds is never observed. So the origin of such cliromosomal biotypes 
through sexual reproduction is absolutely impossible. 

It is significant to note that all the species of Maranta and Calathea sihow 
a characteristic peculiarity in the somatic cells, that is the presence of variable 
chromosome complement in the same tissue (vide Table XI). Such valrable 
complements involve both numerical and structural alteration of the norma com- 
plement. Such behaviour has been encountered in a large majority of the vegeta- 
tively reproducing plants so far cytologically studied here. On the basis of 
considerable evidence this behaviour has been claimed to play a significant r61e in 
speciation through the participation of the altered nuclei in the formation of 
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daughter shoots (Sharma and Das, 1954 ; Mookerjea, 1955 ; Sharma, 1956 ; 
Bhattacharyya, 1957), 

In Marania and Calathea too, in the absence of sexual method of reproduction, 
this behaviour probably accounts for their speciation through vegetative means as 
noted in many other members of liigher plant groups reproducing through asexual 
means. 


Table XI 

Difference in chromosome morphology, variations and length of chromatin matter in 

Calathea and Maranta 



Normal 

Size differonco 

Variation 

Total amount of 

Spocios 

somatic 

in diploid 

in somatic 

chromatin matter 

number 

complement 

number 

in haploid comj)le- 


(2n) 

(2n) 

(2n) 

mont (accounted in 
length) 


1, Calathea 

8 

♦*2M*-f4M4-2<Sf 

12 

9.3/A 

leopardina, 

2. C. vanenheckei 

22 

2L'»H-8M-f-12.V 

24 

19.5/t 

3. G, princepa 

22 

2L^-^2Ms-\-l(}M-\~S8 

20 

22.2/a 

4. 0, zebrina 

22 

2M»H-4M‘^+4M-4-12^ 

20, 22*, 2.3, 

25, 26 & 30 

18.0/A 

5. C, omata 

26 


19, 24 & 30 

21.7/a 

6. Maranta 

26 


22 

18.6/a 

inaignis^ 

7. M, picta 

26 


33 

22.4.£a 

8. M, leuconeura 

26 

2/vW+2M»-f2M-h20/8 

26* & 28 

20.7/A 

9. M. kegeljani 

33 


20, 26, 30, 33,* 

20.5/a 


-\-4iM-\-20S 36, 41, 42, 44 (J of the 2n number) 

&47 


* Normal number but with structural alterations. 

♦♦ Xi — Very long chromosome. 

L — Long chromosome 
M — Medium sized chromosome 

8 — Short chromosome 

— Long or medium sized chromosome with secondary constriction. 

ZfjL*®, L®* — Very long, long or medium sized chromosome with supernumerary constric- 

tions. 

Now the problem arises regarding the way through which such abnormalities 
originate in the tissue. The only means that can be considered as responsible for 
their origin is mitotic irregularities. Non-disjunction, lagging etc., (as mentioned 
in the text) can possibly account for their origin. Though in case of other species, 
somatic reduction has been found to occur accounting for the origin of such 
abnormal number (Sharm^, 1956), no evidence of such somatic reduction has been 
obtained in the present observation. However, unless a thorough search in other 
genera is made, it is not possible to state whether somatic reduction has played 
a prominent role in the origin of such abnormal numbers. Venkatasubban (1946), 
however, just suggested that so far as the number 2n == 22 in ( 7 . mediopicta is 
concerned, it may be derived from the number 2n = 24 by the fusion of four 
chromosomes in pairs as suggested by Sato (1939) in certain monocotyledonous 
members. But if the karyotypes of the different species of Maranta and Calathea 
shown in the present paper and the chromosome drawings given in the previous 
records are taken into consideration, no such indication of chromosome fusion 
seems to be evident. Further, in CalatJm veitchiana both 2n^8 and 2n = 26 
chromosomes have been reported. Besides, if one is to assume chromosome fusion, 
then one is also to infer that eight chromosomes of C, veitchiana might have been 
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derived from twenty-six chromosomes of the same species througJi continuous 
fusion of chromosome ends. But such an assumption seems to be highly specula* 
tive in view of the absence of any experimental evidence conlirmatory to this 
statement. 

It has already been pointed out that though the different species of the genera 
Maranta and Calathea show a good deal of resemblances in chromosome morphology 
and total amount of chromatin matter, minute karyotypic differences arc there 
delimiting one species from another. Each and every species has got a distinct 
karyotype of its own. Tnis obviously indicates the role of structural alteration 
of chromosomes in the evolution of the different species of these genera, as noted 
in a number of other plant species too (Bergner, Satina and Blakeslee, 1933 ; 
Bhaduri, 1944 ; Wilkinson, 1944 ; Goodspeed, 1945 ; Babcock, 1947 ; Chakravorti, 
1951 ; Sharma and Ghosh, 1954 ; Sharma and De, 1956 ; Sharma and Bhattacharjee, 
1957 ; and Stebbins, 1951). Such structural alteration seems to have affected 
mainly the chromosomes witli more than one constrictions and such species differ 
with respect to the number of secondary constrictions present in them. The 
existence of chromosomes with supernumerary constrictions also indicates the 
evidence of structural changes undergone by these species* 

It may be noted that in Calathea vandenheckei, only two chromosomes bearing 
secondary constrictions or satellites have been observed. The presence of such 
a low number of secondary constrictions in a species having a chromosome number 
as high as twenty-two seems to be interesting especially in view of the fact that in 
species with eight chromosomes also two seeonclary constri(;tions are present. It 
is not unlikely that structural changes involving amphiplasty ha^^e resulted into 
the loss of secondary constrictions in C, vandenheckei, 

3. Inierrelatiomhip beUveen the genera Calathea and Maranta. 

This discussion will remain incomplete if the interrelationship between 
Calathea and Maranta^ as far as can be traced from cytological data, is not pointed 
out. So far as the observations reveal, their members show a good deal of simila- 
rity in a number of respects. The chromosome number and its ranges are practi- 
cally the same in both. The morphology of the chromosomes too indicates close 
resemblances. The complements of both are characterised by mostly medium 
to short chromosomes having not much of size difference in the complement. The 
primary constrictions mostly range from median to submedian in position. The 
range in the number of secondary constrictions too docs not show much difference 
between these two genera. In view of these facts, it may safely be considered 
that so far as the cytological data are concerned they give ample evidence for 
their close relationship. Their inclusion within the same family Marantaceae by 
the taxonomists is fully justified (Engler and Prantl, Hutchinson l,c.). It has 
already been mentioned that a number of species of Maranta have, according to 
the recent nomenclature, been transferred to the genus Calathea (vide Index 
Kewensis upto 1950). All these facts indicate their affinities. However, the 
taxonomists have included these under two different tribes under the same family 
Marantaceae. In the absence of any data from other aspects of study it is not 
possible to state whether their inclusion under different tribes mainly on morpholo- 
gical grounds is justified or not. This much is certain that their inclusion within 
the same family finds full confirmation from their cytological data. 
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Text-fio. 1. 

Figs. 1-3. — Calathea Icopardina. Normal somatic metaphase (2n = 8), idiogram and varia- 
tion motaphase with 12 chromosomes. 

Fig. 4. — C. leopardina. Somatic prophaso showing two chromosomes attached with the 
nucleolus. 

Figs 6~7. — (7. prifhcepa. Normal somatic motaphaso (2n — 11), i<liogram and variation plate 
with 20 chromosomes respectively. 

Figs. 8-*lla. — (7. vandenheckei. Normal somatic motaphaso (2a — 22), idiogram, variation 
metaphaso with 24 chromosomes, late separation and lagging chromosomes ros- 
poctively. 

Figs. 1^1 8a. — 0, zebrina. Normal somatic metaphaso (2n = 22), idiogram, variation meta- 
phaae with 20, 23, 25, 26, 30 and 22 (structural alteration) chromosomes respectively. 

Figs. 19-20. — C. omata. Normal somatic metaphase (2n = 26) and idiogram respectively. 
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Figs. 21-23. —Co/a^/ica ornata» Variation motaphase with 19, 24 and 30 chromosomes res- 
poctivoly. 

Figs. 24-26 . — Maranta leuconeura. Normal somatic metaphase (2n = 26), idiogram and 
variation motaphase with 22 chromosomes respectively. 

Figs. 27-30. — M, leuconeura. Normal somatic metapliase (2n = 26) idiogram, variation 
motaphase with 26 (structural alteration) and 28 chromosomes respectively 

Figs. 31-33. — M. picta. Normal somatic motaphase (2n = 26), idiogram and variation meta* 
phase with 33 chromosomes respectively. 

Figs. 34-39. — M. kegdjard. Normal somatic motaphase (2w =s 33), idogram, and variation 
plate with 20, 26, 30 and 36 chromosomes respectively. 
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Mp. I. -(hthtfjivd lc(fp<inlin(L Xonuul somatic motapimse witli S chromosomes. 

Mp. 2. -^MumnUi Jeuvoucura. Normal somatic mcMaphaso witli 2(> chromosomes. 

Mps. ^-1. -Mitmnta hujrl/ftni. Somatic metaphase witli .‘hi. 2(». 'M), .‘hi and SS chromosomes 
respect i\ (‘ly. 
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Text-fig. 3. 

Figs. 40-46 . — Mavanta kegeljmii. Variation metaphase with 41, 42, 44 and 47 chromosomes; 
lagging chromosomes and 33 chromosomes with structural alteration respectively. 
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THE UTILIZATION AND SYNTJHESIS OF OLIGOSACXIHARIDES BY 
TWO SPECIES OF PE ST AWT 1 A 

by R. N. Tandon and K. S. BimRAMi, Department of Botany, Allahabad University 
(Communicated by P. Maheshwari, F.N.I.) 

{Received January 1 ; read March 17, 1958) 


Abstract 

The utilization of oligosanoharidos hy two spooios of Pestalotia viz., P. hanksmnn Cavara 
(isolated from tho diseaseii loaves of Orcvelia robusta) and P. cifri Mundkiii aud Kosliwala 
(isolated from the diseased leaves of Gitdrus graiidis) wjis studied. Ciiromalographic technique 
was used to dotoot the presence of various eugai’s formed during assimilation. Three sources 
of nitrogen viz., ammonium chloride, as})aragin end potassium nitrate were separately supplied 
in combination with different oligqsaiicharides. 

Raffinose, sucrose and maltose wore used after hydrolysis. Only two sugars viz., moli- 
biose and laevuloso were obtained during the assimilation of raffinose. The laevulose fraction 
was utilized faster while the melibiose fraction jiersisted upto the 15th day. 

Sucrose was a good source. Chromatographic results showed that its both the (;om- 
ponents viz., glucose and fructose were utilized by these fimgi. PesUdotia citri assimilated 
glucose earlier than fructose. P. hanl'skina also behaved in the same manner when asparagin 
or NH 4 CI were used as nitrogen sources, but with potassium nitrate the assimilation of both 
glucose and fructose was almost simultaneous. P. bnnksiana synthesized an oligosaccharide 
(Kf 0.51) on sucrose -asparagin medium. 

Maltose was tho best sugar for both tho organisms. These fungi converted maltose by 
transglucosidation into an oligosaccharide (malto-irioae) with simultaneous liberation of 
glucose. 

Cellobioso, lactose and melibiose were poorly utilized through a nonhydrolytic pathw'ay. 
Melibiose (which is a component/ sugar of raffinose) influences the assimilation of raffinose. 

Both the organisms perforred tho ammonium nitrogen (NH.tCl), which was followed by 
asparagin and KNO,s respectively. It was observed that with certain exceptions the oligosa- 
ccharides or their hydrolytic products wore assimilated slightly earlier if ammonium chloride 
was used as a source of nitrogen. 

A combination of maltose-NHiCl was best for both tho organisms. 


Oligosaccharides are complex sugars composed of two or more monosaccha- 
ride units linked together through a glycosidic linkage. Fungi generally utilize 
these complex sugars after the glycosidic linkage is broken and free monosaccharides 
are available in the medium. Two general mechanisms effect the cleavage of tho 
glycosidic linkage in a biological system. The first involves the hydrolysis (1) and 
the second one involves the phosphorolysis (2) of the glycosidic bond. Both these 
reactions are catalysed by specific enzymes. Recent investigations of various 
investigators have shown that the pathways of assimilation of different oligosa- 
ccharides vary with the organism. Their results have also shown that the so- 
called “hydrolytic enzymes’ ' which cause tho hydrolysis of oligosaccharides (during 
the course of its assimilation by fungi) can also cause the replacement reaction 
of the glycosidic bond under suitable experimental conditions. They observed 
that the oligosaccharides were synthesized as intermediates during the enzymic 
hydrolysis of disaccharides by fungi. Our recent investigations with another 
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species of Pcstalotia viz., P. mangiferae have also shown that the assimilation of 
sugars was also influenced by the type of the nitrogen source available in the 
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\l +H 20 - 
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,)> +ROH 


OR 

1 OH 


OH 

OH 


0. , 

0, , 


(2) 1^1 +H3PO, > +ROH 


n OR I0PO3 

OH OH 


medium. It was, therefore, considered desirable to examine the effect of association 
of different nitrogen sources with various oligosaccharides. 


Materials and Methods 

The diseased leaves of Grevelia robtista and Citrus grandis were repeatedly 
observed at various places at Allahabad. They were infected with Pestalotia 
banksiam and P. ciiri respectively. The two organisms were isolated from the 
respective hosts. Six oligosaccharides viz., (rafSnose^, sucroseS maltose\ lactose^, 
melibiose® and ccllobiose^), and three nitrogen sources (viz., ammonium chloride^, 
asparagin^ and potassium nitrate^ were individually added to the basal medium 
(KH 2 PO 4 1.75 gms, MgS 04 , "^^ 2 ^ double distilled water 1 litre) at 

a rate that supplied 4000 mgs. of carbon and 490 mgs. of nitrogen per litre res- 
pectively. Eighteen different combinations were prepared. Very thoroughly 
cleaned Pyrex glass ware were used. Equal quantities (25 ml.) of medium was 
dispensed into 150 ml. Erlenmeyer flasks. The media were fractionally sterilized 
for three consecutive days. Both the species of Pestalotia were daily inoculated 
at a fixed time for 15 days. 

Three replicates were taken in each case. On the sixteenth day (when 1-15 
day old cultures were available from different sets), the fungal mats from each 
set were separately filtered on Whatman No. 42 filter papers. The filtrate of each 
day was set aside for chromatographic analysis. The mycelial growth of sixth, 
eleventh and sixteenth days were dried and those dry weights served as quantitative 
measure of growth. The circular paper chromatographic technique (Ranjan 
ei aL, 1955) was employed to detect the presence of various sugars formed during 
the assimilation of different oligosaccharides, n-butanol-pyridine-water (60 : 40 : 
30) or n-butanobacetic acid-water (4:1: 6 ) were used as solvents and aniline- 
diphenylamine-phosphoric acid (Buchan and Savage, 1952) was used as spray 
reagent. The average Rf values of various sugars (with BAH as solvent) are given 
at appropriate places in the text and in Table 3. 


1 B.D.H. 
a E. Merck. 
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Experimental 

Table 1 showing the dry weight (in mgs.) of Pestalotia banksiam obtained 
on 6 th, 11 th and 16th days on different combinations of oligosaccharides and 
nitrogen sources. 

Table 1 
OUgomccJiarides 


Nitrogen 

Source 

Days of 
incuba- 
tion 

BaiRnoso 

Sucrose 

Maltose 

Cellobiose 

Lactose 

Melibiose 

Amm. 

5 

30 

48 

60 

10 

20 

8 

chloride 

10 

52 

86 

106 

22 

42 

15 


15 

64 

108 

144 

28 

54 

20 

Asparagin 

5 

22 

60 

56 

8 

20 

7 


10 

40 

106 

98 

18 

38 

12 


15 

52 

132 

126 

24 

50 

14 

Potassium 

5 

16 

40 

48 

8 

12 

6 

nitrate 

10 

28 

68 

84 

14 

21 

10 


15 

38 

86 

102 

19 

30 

12 


Table 1 shows that P. banksiam attained best growth on a maltose — NH 4 CI 
medium. The table also shows that with the exception of sucrose all other oligosa- 
ccharides were assimilated better when the ammonium nitrogen was available in 
the medium. Asparagin was, however, most suitable with sucrose though organic 
nitrogen (supplied by asparagin) was the next choice in all other combinations 
used in the present investigations. Nitrate nitrogen was not very suitable. The 
results also indicated that maltose and sucrose were best oligosaccharides. Raffinose 
and lactose could also support satisfactory growth when supplied with NH4CI or 
asparagin. Cellobiose and melibiose were definitely very poor oligosaccharides. 

Table 2 showing the dry weight (in mgs.) of P. citri on 6 th, 11th and 16th 
days on different combinations of various oligosaccharides and nitrogen sources. 

Table 2 


Oligo8(wcharide8 


Nitrogen 

Source 

Days of 
incuba- 
tion 

Raffinose 

Sucrose 

Maltose 

Cellobiose 

Lactose 

Melibiose 

Amm. 

5 

11 

30 

38 

4 

20 

4 

chloride 

10 

26 

52 

66 

7 

32 

8 


15 

34 

69 

84 

9 

41 

10 

Asparagin 

5 

12 

26 

8 

6 

10 

6 


10 

23 

44 

56 

11 

17 

12 


15 

30 

57 

78 

15 

22 

17 

Potassium 

5 

4 

24 

30 

2 

8 

3 

nitrate 

10 

17 

42 

48 

4 

14 

5 


15 

24 

50 

64 

7 

17 

8 


It is obvious from Table 2 that in general the behaviour of Pestalotia citri 
wa^ similar to that of P, banksiam but cefiobiose and melibiose supported slightly 
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better growth when they were used in combination with asparagin than with 
aTnmonium chloride. The nitrate nitrogen was comparatively poorer than ammo- 
nium or organic nitrogen. 

The average Rf values of various sugars and the results of the chromatographic 
investigations have been summarized* in Table 3. 

Table 3 showing the reaction of various oligosaccharides as well as the time 
of appearance of the hydrolytic products and their rate of utilization by P. hank- 
dana and P. citri. 

Table 3 shows that rafFinose was utilized through a hydrolytic pathway by 
both the species of PesMotia, Only two sugars were detected in the breakdown 
of this oligosaccharide viz., melibiose (Rf. 0.44) and fructose (Rf 0.70). Melibiose 
fraction could not be consumed completely by any of the two organisms, while 
the laevulose fraction was utilized. The rate of assimilation of lacvulose greatly 
depended on the type of the nitrogen available in the substrate. Sucrose was 
also used after hydrolysis. Generally, both the organisms assimilated glucose 
earlier than fructose. In the presence of potassium nitrate P. hankdana utilized 
both the hydrolytic products (viz., glucose and fructose), simultaneously. This 
organism was also capable of synthesizing an oligosaccharide (Rf 0.49) with sucrose 
in presence of asparagin. Maltose was hydrolysed to ghuiose before assimilation. 
A simultaneous synthesis of maltotriose Rf. 0.22 (an oligosaccharide) was also 
observed during the utilization of this sugar. In every case this synthetic product 
ai)peared as an intermediate and was not dependent on the source of nitrogen. The 
above table also shows that the remaining oligosaccharides (viz., lactose, melibiose 
and cellobiose) were utilized through a non-hydrolytic pathway. Except lactose 
in combination with ammonium chloride, P. citri could not finish any of these three 
oligosaccharides even in 15 days. P. hanksiana was slightly faster in consuming 
these oligosaccharides, though cellobiose and melibiose were not used up completely 
when supplied in combination with potassium nitrate. 

Discussion 

Neuberg and Mandl (1950) reported that invertase* hydrolyses raffinose into 
fructose and melibiose only, though normally it can be hydrolysed into 5 products 
(viz., sucrose, melibiose, glucose, fructose and galactose). In the present investigations 
only laevulose and melibiose have been noticed and thus it appears that invertase 
is secreted by both the species of Pestalotia, This enzymic system also appears 
to function during the assimilation of sucrose, as both glucose and fructose were 
found to be present. P. hanksiana exhibited slightly diflFerent behaviour on a 
sucrOse-asparagin medium because besides the hydrolytic products of sucrose an 
oligosaccharide (Rf 0.49) was also synthesized in the medium on the 3rd and 4th 
days.. Synthesis of a similar oligosaccharide from sucrose by Aspergillus flavus 
and A, niger has been reported by Giri et ah (1954) and Bacon and Bell (1953) res- 
pectively, Bealing and Bacon (1953) using enzymic extract of Aspergillus niger 
attributed the breakdown of sucrose to the transference of fructose residues to 
suitable acceptors by a y?-fructofurna8idase. This interpretation explains the 
synthesis of an intermediate oligosaccharide during the hydrolysis of sucrose. Giri 
et ah (1954) who were able to separate this oligosaccharide have established that 
the oligosaccharide in question was a trisaccharide. They further found that on 
acid hydrolysis this oligosaccharide was hydrolysed to fructose and glucose which 
existed in the ratio of 2 : 1. 

Oligosaccharide formation by transglycosidation with enzylnes from Aspergillus 
oryzae has also been reported by Pazur (1964). Edelman and Bealing (1953) have 


♦ It also boon termed as sucoharase, suorasa and ^•fructosidasot 
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suggested that glycosidases (usually considered to be merely catalysts of glycosidic 
bonds), can also catalyse replacement reaction. There is considerable controversy 
in literature about the identity or non-identity of various enzymic materials. 
Recent researches of various biochemists suggest that the cleavage of maltose was 
not accomplished by a hydrolytic mechanism but by a transglycosidation leading 
to the formation of oligosaccharides. However, the discovery of these enzymes 
is extremely important as they demonstrate that the synthesis of the glycosidic 
bond in all living systems does not involve the direct participation of the phosphate. 

The authors in their previous investigation (1958) had observed that the 
utilization of two identical oligosaccharides may be accomplished through two 
different pathways by a paiticular organism. The present results also confirmed 
the previous observations which showed that maltose and cellobiose (which are 
identical in structure except for the mode of linkage between two glucose units) 
were not only used through two different pathways, but their availability was 
totally different for both the species of Pestalotia. The former was found to be 
the best source of oligosaccharide while the latter was very poorly and slowly 
utilized. On the basis of present results it (jan also be interpreted that probably 
the fungi under study were incapable of synthesizing /^-gliicosidase and so they 
were unable to hydrolyse cellobiose (which has a /?-glucosidic link). 

The results also reveal tliat P. citri could attain only negligible growth on 
raffinose-KNOa or maltose-NH 4 Cl media till the 6th day. A glance at Table 3 
shows that the hydrolytic products of raffinosc or maltose were not detected chro 
matographically till that day. This further showed that brisk mycelial growth 
started only after the production of the hydrolytic products. 

None of the two organisms were able to utilize melibiose satisfactorily. 
Chromatographic restilts indicated that even the melibiose fraction formed during 
the assimilation of raffinosc was not assimilated and it remained accumulated till 
the loth day. The comparatively poor results with raffinosc appear to be connected 
witli the unsatisfactory utilization of this substance (melibiosi^. The present 
investigations also revealed that though lactose was assimilated by both the 
organisms, through a nonhydrolytic pathway, yet it was comparatively a better 
source than either cellobiose or melibiose, which were also used up through a non- 
hydrolytic pathway. 

The present species of Pestalotia behaved like P, mangiferae (Bilgrami, 1956) 
as it wa« found that ammonium nitrogen was more suitable than nitrate nitrogen. 
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Abstract 

The silo of olfactory receptors of the blowfly Phormia regina Moigen and the olfactory 
role of its antennal receptors have been experimentally determined. 

The capacity of nine essential oils to stimulate olfactory receptors of the blowfly has been 
tested and the oil of Caraway, being tho best stimulant, has been employed for the present 
work. The response of the blowfly to vapours of this oil is not due to chemical irritation. 

Olfactory receptors in Phormia regina are located on the antennae, labellum, and, tarsi 
but not on the palpi. Comparative sensitivity of the different appendages to the oil vapours 
has boon shown. A threshold population of the olfactory receptors is necessary for the 
maximum degree of olfactory response. 

As regards tho role of antennal receptors, the present experiments demonstrate that, 
in a stationary blowfly, surface-cones are responsible for the perception of the oil-vapours. 


Introduction 

The location and structure of olfactory receptors of blowflies have been 
studied by several workers but their conclusions are not in agreement with one- 
another. Mefndoo (1933, 1934) studied the structure and distribution of these 
organs in Calliphora erythrocephalay Lucilia mricaia and Phormia regiria and he 
concluded that the olfactory receptors are situated on the bases of the wings and 
legs but none on the head. On the other hand, Hartung (1935) contended that 
the olfactory organs of Calliphora eri/throcephala are restricted to the antennae 
only. Abbot’s (1938) experiments with Cynoniyia cadavarina and Lucilia sericata 
indicated that the olfactory organs are definitely located on the head and also on 
other parts of the body. According to Frings (1941), however, the antennae and 
the labellum are the only loci of olfactory receptors in the blowfly Cynomyia cada- 
varina. In Phormia regiuxi these receptors are reported to occur on the antennae, 
labellum and palpi (Dethier, 1952). 

There is also some uncertainty Tegarding the identity and structure of the 
olfactory receptors of blowflies. Detailed structure of the olfactory pores was 
described by Meindoo (1934) who believed these pores as olfactory organs. But 
his view was disproved by later experimental work. The sensory structures of 
the antennae and palpi of certain species of blowflies have also been studied by 
various workers, particularly by Smith (1919), MeIndoo (1934) and Liebermann 
(1926). Two types of sensory receptors have been found to occur on the antennae 
of blowflies : (i) Scnsilla basiconica or surface-cones (fldchenkegeJ of Liebermann, 
1926) and, (ii) Sensilla coeloconica or pit-cones {grubenkegel of Liebermann, 1926). 
Of these, the receptors in the pits have been generally regarded as the olfactory 
end-organs, but no experimental evidence in support of this view has so far been 
adduced. 

The present investigations were taken up in order to determine the site of 
olfactory receptors of the blowfly Phormia regina Meigen and, also, to demonstrate 
the role of antennal sensory structures. This work was done in the Department 
of Biology, John Hopkins University, Baltimore (Md.). 
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Materials and Methods 

Freshly emerged adults of Phormia regim Meigen were used for the present 
work. The technique for measuring , the olfactory response of the blowflies was 
essentially the same as that adopted by Abbot (1932, 1938) and Friiigs (1941). 
The blowifles were singly mounted along their backs on waxed sticks. Each 
blowfly was brought near the source of the odour and its proboscis-response was 
noted. If the odour was acceptable and attractive, the fly would respond by 
extending its proboscis in an attempt to feed on the stimulant (Abbot, 1932 ; 
Frings, 1941). 

The first step in the present work was to select a suitable olfactory stimulant 
which would cause the blowflies to extend the proboscis. Fermented casein, malt 
extract, putrid meat and putrid eggs have been found to attract free moving blow- 
flies in an olfactometer (Meindoo, 1934) ; but these substances failed to evoke 
proboscis response of the mounted blowflies used in the present work. Abbot 
(1938) tested the stimulating effect of various essential oils on the proboscis-response 
of mounted blowflies, Lucilia serimia and Cijnomyia cadavarina. He stated that 
tansy oil was the best attractant. Frings (1941) trained the mounted blowflies 
(Cynomyia mdfivarim) to extend the proboscis in response to stimulation by the 
vapours of coumarin. Dcthier (1952) recorded the repel lant effect of pentanol 
on Phormia regina in an olfactometer. In the present work it was considered 
desirable to take the proboscis-response of stationary blowflies as the criterion 
of olfactory perception and for this purpose it was necessary to select a suitable 
stimulant. 

Since there is no record of the capacity of essential oils to stimulate chemo- 
receptors of Phormia regim, the following oils were tested : Oils of Caraway, 
Carvacrol, Celery seed, Parsley, Fennel, Rue, Dill seed, Phellandrene, and Coriander. 
These were obtained from Dodge and Olcott Company, New York. Each of the 
oils was placed in a glass vial and mounted blowflies were held, one by one, over 
the open mouth of the glass vial at a distance of two inches from the oil for thirty 
seconds and the proboscis-response was noted. For each oil fifty individuals were 
tested and the ol)servations are recorded in Table I. Oil of Caraway was found 
to be the best stimulant. It may be noted that vapours of ethyl acetate, ethanol 


Tablk I 

Proboscis-rcJiponse of Phormia rogina to es.sejiiml oils 


Name of oil 

Percentage 
of flies 
rosijonding 

Caraway 

96 

Carvacrol 

75 

Colory seed 

40 

Parsley 

36 

Coriander 

16 


Name of oil 

Percentage 
of flies 
responding 

Fonnol 

80 

Kuo 

40 

Dill seed 

'80 

Phellandrene 

50 


and a few other organic solvents also stimulated the blowflies to extend their 
proboscis. But this response was not sustained and evidently due to chemical 
irritation since it was obtained even after the removal of all the appendages like 
the antennae, palpi, labellum and tarsi. On the other hand, oil of Caraway failed 
to evoke proboscis-response from the blowflies which were deprived of all these 
appendages. Also, on allowing the extended proboscis to come in contact with 
the oil the latter was ingested, though the blowfly died soon after. These observa. 




OF THE BLOWFLY PEOHMIA REGINA METGBN* 


127 


tions indicate that oil of Caraway served as an olfactory stimulant and not as a 
chemical irritant. This oil was therefore employed in all the subsequent experi- 
ments. 

In order to determine the site of olfactory receptors care was taken to main- 
tain the blowflies in the same physiological state throughout the course of Work. 
Freshly emerged blowflies were first given an opportunity to feed on O.l M sucrose 
solution for about 12 hours and, then, they were mounted on waxed sticks under 
COg anaesthesia. After the blowflies recovered they Were allowed to drink water 
to satiety so that they showed no response to water vapour. The proboscis-response 
of each of the blowflies to oil of Caraway was tested. Only the individmls showing 
positive response were selected for further experiments and they will be referred to 
as ‘normal’ blowflies. The flies which did not give any response were discarded. 

The normal blowflies were divided into nine groups of ten each. Individuals 
in different groups were deprived of their appendages singly or in different combina- 
tions, as indicated in Table II, and their proboscis-response to the oil-vapour was 
again tested. Prior to removal of appendages the blowflies were fed on sucrose 
solution for two hours and, after the operation, they were allowed 12-20 hours 
to recover from the shock. They were allowed to drink water to satiety just 
before their response to the oil was determined. A period of 12 hours was found 
to be quite sufficient for recovery of the flies from the shock of operations. This 
series of experiments was repeated with five different batches of blowflies, all the 
individuals of a batch being the progeny of a single pair of parents drawn from 
a standard culture. The observations are recorded in Table II. 

In order to ascertain the olfactory function of the antennal receptors the 
blowflies were deprived of all the appendages except the antennae and their res- 
ponse to the oil vapour was tested. Only the blowHies showing positive response 
were selected for the present experiment while others were discarded. These 
blowflies were divided into four groups. In one group both the antennae of each 
blowfly were completely coated with a layer of India Ink (waterproof) by means 
of a very fine brush. The blowflies of the second group were deprived of both their 
antennae. In the third group the pit-bearing areas on the undersurfaces of the 
antennae were similarly coated with India Ink. In the fourth group the surface- 
cones were sealed by smearing the outer surfaces and the terminal parts of the 
undersurfaces of the antennae with the ink. A small number of the surface-cones, 
situated in between the pits, was, however, left exposed. After allowing the 
blowflies to recover from the shock they were fed on water to satiety and then 
tested for their response to the oil vapours as before. The olfactory perception 
was measured in terms of percentage of the blowflies giving positive response. 


Distribution of Olfactory Receptors on the Body 

The olfactory responses of the blowflies deprived of their appendages in 
different combinations are indicated in Table 11. Since only those normal blow- 
flies which gave initial positive response were employed for the present work, the 
effect of the removal of any one or more appendages on the olfactory response of 
the flies would be quite definite. 

The table shows that the olfactory response of the blowflies is completely 
abolished when all the four sets of appendages — anten%ie, palpi, labellum and 
tarsi — are removed (group IX). This suggests that centres for perception of the 
oil vapours are present on one or more of the amputated appendages. 

In the blowflies which are deprived of the palpi but which retain antennae, 
labellum and tarsi (group I), the olfactory response is not in the least aflfected. 
On the other hand when all the appendages excepting the palpi are removed 
(group VII) the response of the blowflies is almost completely abolished. These 
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observations clearly indicate that no receptors on the palpi are involved in the 
perception of the vapours of oil of Caraway. 

Table II 

Olfactory -response of blowflies deprived of their appendages in different combinations 








Average 

Group 

Receptor 

Receptor 

Experi- 

No. of 

No. of 

percentage 

No. 

areas 

areas 

ment 

blowflies 

blowflies 

of blowflies 


remaining 

removed 

No. 

tested 

responding 

responding 


I 


II 


III 


IV 


V 


VI 


vn 


VIII 




i 

10 

10 


antennae 


ii 

10 

10 


labellum 

palpi 

iii 

10 

10 

100 

tarsi 


iv 

10 

10 




V 

10 

10 




i 

10 

9 


palpi 


ii 

10 

9 


labellum 

antennae 

iii 

10 

8 

84 

tarsi 


iv 

10 

8 




V 

10 

8 




i 

10 

7 


antennae 


ii 

10 

6 


palpi 

labellum 

iii 

10 

7 

70 

tarsi 


iv 

10 

7 




V 

10 

8 




i 

10 

10 


antennae 


ii 

10 

10 


palpi 

tarsi 

iii 

10 

9 

96 

labellum 


iv 

10 

9 




V 

10 

10 




i 

10 

7 



palpi 

ii 

10 

7 


antennae 

labellum 

iii 

10 

6 

66 


tarsi 

iv 

10 

6 




V 

10 

7 




i 

10 

7 



antennae 

ii 

10 

8 


labellum 

palpi 

iii 

10 

7 

70 


tarsi 

iv 

10 

6 




V 

10 

7 




i 

10 

0 



antennae 

ii 

10 

0 


palpi 

labellum 

iii 

10 

0 

4 


tarsi 

iv 

10 

2 




V 

10 

0 




i 

10 

5 



antennae 

ii 

10 

3 


tarsi 

labellum 

iii 

10 

4 

48 


palpi 

iv 

10 

6 




v 

10 

6 



antennae 

i 

10 

0 



labellum 

ii 

10 

0 


nil 

palpi 

iii 

10 

0 

0 


tarsi 

iv 

10 

0 




V 

10 

0 
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On removal of both the antennae (group II) or all the tarsi (group IV) there 
is a slight fall in the olfactory response of the blowflies. However, when only tlie 
antennae (group V) or the tarsi (group VIII) are retained and the remaining 
appendages removed, there is a sharp fall in the olfactory response of the blow- 
flies ; but, still the perception of the oil vapours is quite marked (66 per cent for 
the blowflies with antennae and 48 per cent for those with tarsi only). This shows 
that receptors for the perception of oil of Caraway are located on the antennae 
and tarsi ; but the antennae are more sensitive than the tarsi. 

In the case of the blowflies which are deprived of the labellum alone (group III) 
there is a marked fall in the olfactory response from 100 per cent to 70 per cent. 
When labellum alone is retained and all the other appendages are removed (group VI) 
the response is almost of the same order as that with the labellum rernovetl but 
antennae and tarsi retained. These observations indicate that labellum also bears 
the olfactory receptors. 

Olfactory Receptors of the Antennae 

The sensory structures of the antennae of the blowflies Lucilm caesar^ Calli- 
phora erythrocephala, Calliphora vomitaria, Cynomyia mortiiora etc., have been 
studied in detail by Liebermann (1926), Smith (1919) and Mclndoo (1934). Two 
types of receptors have been recognised : (i) Sensilla coeloconica (Berlese, 1909) 
or pit-cones {Oruhevkegel of Liebermann, 1926) which are the sensory hairs present 
within simple or complex pits on the antennae ; and, (ii) t^ensilla hasiconica (Berlese, 


Table III 

Olfactory response of blowflies with different parts of the antennae sealed with India Ink 


Group 

No. 

Receptor 

areas 

remaining 

Receptor 

areas 

sealed 

Experi- 

ment 

No. 

No. of 
blowflies 
tested 

No. of 
blowflies 
responding 

Average 
percentage 
of blowflies 
responding 




i 

10 

0 




entire 

ii 

10 

0 


I 

nil 

antennae 

iii 

10 

1 

4 



sealed 

iv 

10 

1 





v 

10 

0 





i 

10 

0 





ii 

10 

1 


II 

nil 

antennae 

iii 

10 

0 

2 



removed 

iv 

10 

0 





v 

10 

0 





i 

10 

8 





ii 

10 

7 


III 

surface-cones 

pit -cones 

iii 

10 

10 

78 



iv 

10 

9 





v 

10 

5 





i 

10 

1 





ii 

10 

0 


IV 

pit-cones 

surface-cones 

iii 

10 


20 



iv 

10 

4 





V 

10 

0 



$Iote : Only those blowflies were used in this series of experiments which, on removal of their 
labella, palpi and tarsi, gave positive proboscis-response to the vapours of oil of Caraway. 
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1909) or siirface>cones (Flachenkegd of Liebermann) which are the sensory hairs 
present on the surfaces of the antennae. The number, arrangement and size of 
(be surface-cones and the pit-cones differ in different species of the Muscid flies, 
fn Phormia regina, also, the same two types of sensory structures are found on 
che antennae. The pits are present on the proximal two-thirds part of the under- 
surface of each antenna along its lateral edges. The surface cones are present 
over the entire outer surface and on the terminal part of the undersurface of the 
antenna ; some are also present on the area inbetween the pits. 

In order to determine the role of these structures in the perception of odour, 
one or the other or both types of the receptors were sealed and the olfiictory res- 
ponse of the treated blowflies was measured as described before. The observations 
are given in Table III. It is clear that the response of the blowflies with com- 
pletely sealed antennae (group I) and of those with the antennae removed (group II) 
is almost completely abolished. This shows that the antennal receptors can be 
effectively sealed with India Ink so that they cannot be stimulated by the oil 
vapours. 

When the pit-bearing areas of the antennae are sealed (group III) and greater 
proportion of the surface-cones are exposed, olfactory response of the blowflies, 
though suffering a slight fall, is still very high (78 per cent) ; the slight fall in the 
response may be due to the sealing of some of the surface-cones present in the pit- 
bearing areas. This experiment shows that the surface-cones are definitely the 
centres for registering odorous stimuli. On the other hand, when the pits are 
kept exposed and the surface-cones are mostly sealed (group IV) olfactory response 
of the blowflies falls sharply from 100 per cent to 20 ]>er cent, which suggests that 
the antennal pits are not able to perceive vapours of the essential oil. Slight res- 
ponse which is obtained with flies of this group may be due to the few exposed 
surface-cones present inbetween the pits. 

Discussion 

The observations recorded in the present paper demonstrate that receptors 
for the perception of vapours of the oil of Caraway are located on the antennae, 
labellum and tarsi of the blowfly Phormia regvm, but not on the palpi. 

Whether the response of the blowflies to the oil vapours is due to the stimula- 
tion of their olfactory receptors or due to irritation of the common chemical sense, 
needs consideration. According to Valentine (1931) and Marshall (1935) strong 
vapours of certain chemicals, particularly essential oils, do not stimulate olfactory 
receptors but cause irritation to insects through their action on the common 
chemical sensory cells present all over the body. Valentine demonstrated that 
the beetles (Tenebrio molitor), in which all possible centres of olfactory or gustatory 
receptors had been removed or sealed, still reacted to the essential oils, suggesting 
that such a response cannot be due to olfaction but to the stimulation of common 
chemical sense. Two important facts ^which emerge from the present work on 
Phormia regwxi rule out the possibility that vapours of oil of Caraway irritate the 
blowflies through their action on the common chemical sense : (i) Response of the 
blowflies is completely abolished when antennae, labellum and tarsi are removed, 
but remaining portions of the legs and the palpi, which are known to bear sensory 
hairs, are retained. If the common chemical sense was involved the amputated 
blowflies should have continued to respond to the oil vapours, (ii) The fact that 
the blowflies, when their extended proboscis is allowed to come in contact with the 
oil, actually ingest the stimulant, goes against the view that the flies are being 
irritated, They do not make any attempt to ingest ethyl acetate or ethanol, 
vapours of which evoke proboscis-response from the blowflies and this response 
persists even after removal of the appendages. In strong concentrations the oil 
of Caraway may serve as a repellent but not as a chemical irritant. 
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It is therefore certain that some specialised receptors are concerned with 
the perception of the oil of Caraway. Since these receptors are stimulated from 
a distance, it is quite reasonable to regard them as olfactory receptors. 

The observation that tlie palpi of Phormia regina are not sensitive t() the 
oil vapours is in conflict Avith Dethier's (1952) observations that the palpi of this 
species arc able to perceive the repellent vapours of pentanol. Chief difterence in 
the present work and that of Dethier lies in the nature of the stimulant employed. 
The discrepaiK^y in Dethier ’s results and those of the present study seems to suggest 
that different tyP^« of chemical stimuli may stimulate different sets of chemo- 
receptors and receptors on the palpi may be sensitive to pentanol and other similar 
repellents but not to the essential oils. This ])oint needs further investigation. 

The fact that the antennae and label I um, and not the palpi, bear olfactory 
receptors in Phormia regina agrees with Frings’ conclusions on (Jynoniyia cadavarina. 
But there is a difference in that Frings did not find the tarsi to be sensitive to 
coumariu vapours. This difference may again be due to diflerciices in the chemical 
stimuli or in the species. However, it may be remarked that gustatory receptors 
have also been regarded to i)erccive strong vapours of certain chemicals from a 
distance (McTndoo, 1934 ; Marshall 1935). It is not yet certain whether the 
sensoiy structures of the tarsi of Phormia responsible for the perception of the oil 
vax 3 ours are identical with or distinct from the gustatory chemorecej)tors. 

Another point wdiich merits attention is the comparative sensitivity of 
different appendages to the vai)ours of oil of Caraway. It has been observed that 
the olfactory response of the blowflies is only slightly affected when their tarsi are 
removed. This might imply that these appendages do not contribute towards 
registering the olfactory stimuli. But when only the tarsi are retained appreciable 
resj)onsc (48 pei* cent) is again obtained, showing the presence of the recej^tors on 
these organs. Similarly when antennae alone are removed there is a fall in the 
response of the blow'flies from 100 per cent to 84 per cent while the removal of 
labcllum alone results in a fall to 70 per cent. This apjAarently suggests that 
labellum is more sensitive than the antennae. But olfactory response of the blow- 
flies whi(!h retain only the antennae (06 percent) is almost of the same order as that 
of the blow'flies retaining the labellum alone (70 per cent). These results can be 
explained on the basis of a jjrcsumption that a certain minimum (threshold) 
number of olfactory receptors is required for the maximum degree of perception. 
The degree of olfactory resjjonse is directly proportional to the number of receptors 
stimulated. When cither antennae or tarsi are removed the number of receptors 
on the nunaining appendages may be just sufficient to compensate for the loss of 
some receptors and that is why the response is not appreciably reduced. On the 
other hand, when labellum alone is removed, a sharp fall in response suggests that 
the receptor population is markedly decreased and receptors on the antennae and 
tarsi fall too short of making up the deficiemy. Similarly, when both the antennae 
and tai‘si arc removed and labellum alone is retained, fall in response is again sharp 
since the receptor population on labellum is much too short of the threshold. Fall 
in response of blowflies retaining only the antennae or only the tarsi can also be 
explained on the same basis. 

As regards the role of antennal receptors in olfaction, pit-cones or the semilla 
coeloconica are believed to be the olfactory end-organs by most of the workers 
(Kohler, 1906 ; Smith, 1919 ; Liebermann, 1926) but there has been no experi- 
mental evidence to support this view. On the basis of comparison between the 
biology of the Muscid flies and the condition of their antennal receptors, Lieber- 
mann (1926) suggested that the surface-cones (serunlla basiconica or ftachenkegel) 
are capable of perceiving odour from nearby stimuli when the fly is resting and its 
antennae are in repose. In this condition the pit-cones do not appear to perceive 
the odour unless strong wind is blowing and the stimulant is directly below the 
antennae. He suggested that the pit-cones perceive odour when the fly is flying 
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and its antennae are held erect. The present experiments demonstrate that the 
surface-cones definitely perceive odour. The lack of perception by the pit-cones 
of the mounted blowflies, even when air is blown across the open end of the oll- 
containiug vial by a fan, does not conclusively show that these receptors are not 
olfactory in function. For, if Lieberraann’s view is correct, the pits of stationary 
flies would not register any olfactory stimulus. It is desirable to test the olfactory 
function of the pit-cones in flying blowflies. 
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Abstract 

This papor roconls ono new species and one now variety from Saurashtra, two new 
varieties from Kast Nepal contributed by the autlior jointly with M. L. Banerji, and several 
notes on Bombay Orchids contributed by the author with Z, Kapadia. 


Of the new taxa of plants listed below, two have been collected personally 
by the author in Saurashtra ; the others have come to light in the course of studies 
done by research students under his guidance. The plants of East Nepal have 
been collected by Shri M. L. Banerji during his long term of botanical exploration 
in that country ; the orchids have been collected by the author and Shri Z. Kapadia, 
who has been working on the Orchids of Bombay for several years. Both M. L. 
Banerji and Z. Kapadia liave been helped in their work through the kindness of 
the aclministrators of the Sir Dorabji Tata Trust, and wish me to put this on record 
in these j>ages as a token of their gratitude. 

Tephrosia jamnagarensis Santapau, spec, nov, (Text-fig. 1). 

Accedit ad Tephrosmm strigosam Sant. & Mahesh. (T. tenuem Wall.) habitu 
generali, a qua tamen diiTert charactere foliorum, magnitudinc et forma leguminum 
et brevitate pedunc.ulorum. 

Herba vol suffrutex erectus vel snberectus, annuus (?), vix ramosus. Caulis 
pilis albidis, adpressis ornatus. Folia simplicia, 3-5.8 cm. longa, 4-7 mm 
lata, linearia, in pagina superiore glabra vel subglabra, pilis nonnullis sericeis, 
patcntibus longisque ornata, in inferiore pagina dense pilosa pilis argenteis adpres- 
aiaque, apice subobtuso, distincte apiculato, basi acuta ; nervi laterales ca. 25-30, 
inter se paralleli, inargine integro, duplici nervo a basi ad apicem decurrente prope 
marginem, distincti in pagina superiore, pilis operti sed distincti etiam in inferiore. 
Petioli 2-3 mm. longi, valde pilosi ; stipulae subulatae, 3-4 mm. longae, pilosae. 
Flores singuli vel bini ad omnes fere axillas foliorum ; pedunculi aeque longi ac 
petioli, vel hisce breviores, dense pilosi. Calyx dense pilosus, 2-3 mm. longus, 
plus minusve ad mediam partem divisus, dentibus subulatis, filiformibus, pilosis, 
subaequalibus. Corolla non visa. Legumen complanatum, ca. 20x5 mm., dense 
pilosum pilis griseis, patentibus, obliquum ad utrumque apicem, apiculatum ; 
semina 5-6, reniformia, baud nitentia, brunnea. 

Typus lectus inter gramina fruetificans ad locum Rozi prope urbem Jamnagar, 
in provincia Saurashtra, die 16 octobris anni 1945 et positus in Blatter HerhariOy 
in urbe Bombay sub numero Santapau 7522. 

In many respects this plant is similar to T. strigosa Sant. & Mahesh. which 
in our floras goes under the name of T. tenuis Wall., from which it differs mainly 
in the type of leaves, the size and form of the legumes and the brevity of the 
peduncles. 

Erect to suberect herb or undershrub, annual (?), sparsely branched. Stems 
simple or nearly so, covered with whitish adpressed hairs. Leaves simple, 
3— 5.8 X 0.4— 0.7 cm., linear, glabrous above or subglabrous with a few silky 
spreading hairs, densely hairy with silvery adpressed hairs beneath, sub-obtuse 
and clearly apiculate at the apex, the base acute ; lateral nerves 25-30 pairs, 
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parallel among themselves ; margins entire, with a nerve running from near the 
base to the apex very close to the margins ; the nerves are clear on the upper stirface, 
covered with hairs but nearly equally distinct on the lower surface. Petioles 
2-3 mm. long, very hairy ; stipules subulate 3-4 mm. long, very hairy. Flowers 
single or in pairs at practically all the axils of the leaves ; peduncles about as long 
as or slightly shorter than the petioles, densely hairy. Calyx very hairy, 2-3 mm. 
long, the teeth subulate, filiform, hairy, subequal. Corolla not seen. Legume 
or pod compressed, about 20x5 mm., densely hairy with greyish, patent hairs, 
oblique at both ends, apiculate ; seeds 5-6, rcniform, dull or mat, brownish. 

The tyi>e of this new species was collected at Rozi near Jamnagar in Saurashtra 
among grasses, on the 16 October 1945 and has been deposited in the Blatter 
Herbarium, Bombay, under the number Santapau 7522, 

This is a very distiiKjt species ; the underside of the leaves is clearly silvery 
or densely argenteo-canescent, much more so than any of the specimens of 
T. strigosa from Saurashtra ; the peduncles arc fairly stout, not filiform as in the 
other species, and generally shorter than the petioles. The legumes are about 
twice as broad and much more hairy than in T. strigosa, the seeds not separated 
by any internal partition. Rozi is the port of the city of Jamnagar ; the plant 
has been named jamnagarensis in token of gratitude for the constant help and 
encouragement of H. H. the Jam Saheb of Nawanagar, under whose auspices the 
botanical exploration of Saurashtra was started in 1945. 

Indigofera articulata Gouan var. monosperma Santapau, var. nov. (Text-fig. 2). 

Accodit ad varietatem typicam, a qua tamen differt primo intuitu legumini- 
bus monospermis, raro dispermis, numquam vero polyspermis. 

Hvffrutex erectus, plus minusve albidus pilis minutissimis adpressis, caulibus 
atquo ramis subteretibus vel augularibus. Folia 7-10 cm. longa, stipulis minutis 
persistentibus ; foliola 7-9 numero in singulis foliis, opposita, obovata vel sub- 
orbicularia, rotundata vel paulo emarginata ad apicem, acuta vel cuneata ad basin, 
petiolulis 2 mm, longis, glabra supra, plus minusve dense hispidula pilis albidis 
ad])ressis infra, omnia subaequalia, vel foliolum terminale paulo largius caeteris. 
Flores axillares, racemosi, usque 50 in singulis racemis, deflexi, ebracteati ; racemi 
foliis breviores, Peduncnli 1-1.5 mm. longi floriferi, paulo longiores sub fructu, 
dense pilosi pilis argenteis adpressis ; calyx brevis, 1-1.5 mm. longus, tubo et 
dentibus plus minusve aequilongis. Corolla calyce 3-plo longior ; vexillum dense 
pilosum extra, caeterae corollae partes glabrae, rubrae vel rubrescentes. Legumen 
ut plurimum monospermum, rarissime dispermum, divaricatum vel deflexum, primo 
pilis albidis densis ornatum, tandem subglabrum. Semina reniformia, olivaceo- 
lutea, nitentia ; cum vero bina semina adsunt, reniformia sunt sed truncata ad 
latera c>ontigua, 

Typus lectus a me in loco Dwarka, ad partes septentrionales Saurashtra 
regionis ad oras maritimas, die 16 octobris anni 1953, et positus in Blatter Herbario 
sub numero Santapau 16771 ; isotypus, Santapau 16784, lectus eodem die ac loco, 
positus etiam in Blatter Herbario ; paratypus florifer, Santapau 14625, lectus ad 
Rajkot in Saurashtra, positus est in eoden) herbario. 

Indigofera articulata Gouan var. monosperma var. nov. 

Very similar to the typical variety, from whi(ih it differs at once by the pods, 
which are 1-seeded, very rarely 2"8oeded. An erect undershrub, more or less 
greyish with minute adpressed hairs, the stems and branches subterete or angular. 
Leaves 7-10 cm. long, the stipules minute and persistent. Leuflefs 7-9, opposite, 
obovate or suborbicular, rounded or slightly emarginate at the apex, acute or 
cuneate at the base (the petiolules up to 2 mm. long), glabrous above, more or less 
hairy with white adpressed hairs beneath, all the leaflets subequal, or at times 
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the terminal one slightly larger. Flowers axillary, racemose, up to 50 in a single 
raceme, deflexed, ebractcate ; the racemes shorter than the leaves. Peduncles 
1-1.5 mm. long when in flower, slightly longer in fruit, densely hairy with adpressed 
white hairs. Calyx short, 1-1.5 mm. long, the tube and teeth about equal in length. 
The corolla about three times as long as the calyx ; standard densely hairy on the 
back, all the other parts of the corolla glabrous and red or reddish. Pod generally 
one-seeded, very rarely 2-secded on the same plant, at first densely hairy with white 
adpressed hairs, at length glabrous or nearly so, divaricate or deflexed. Seeds 
reniform, olive green, shining ; when there are two seeds, the adjacent sides are 
truncate. 

The type of this variety was collected at Dwarka near the sea shore on the 
16th of October 1953 and is kept in Blatter Herbarium. This is a very common 
shrub found all over Saurashtra. As a rule it grows erect, but occasionally, parti- 
cularly near the sea or when subjected to damage, it may grow more or less pros- 
trate, forming thin cushions. The branches of this plant are sometimes used, 
in the districts where it is common, as ^tooth brushes’ in place of the more usual 
Babul or Nirn trees, which are rare in the same districts. In our Botanical Survey 
of Saurashtra, this plant has been seen in most of tlie drier districts of the province, 
roughly all along that part of Saurashtra that lies north of Rajkot. The plant 
has given us much trouble, for it has been a difficult one for identification. It is 
distinctly a new form not previously recorded in our floras. 

Ranunculus kirtellus Royle var. minor Sant. & Banerji, var. nov. 

lianuncvlo hirtello Royle similis multis in notis, sed varietas nova a typica 
specie differt praesertim magnitudine multo minore, cum tota planta vix 4-6 cm, 
attingat ; petioli varietatis ad apicem dense pilosi. Typiis varietatis lectus ad 
Popkegola in Nepalia orientali ad 3360 m altit. a M. L. Banerji die 20 maii anni 
1953, et positus in herbario Banerji sub numero Banerji 798. 

This is a clear variety, at once distinguished from the typical plant on account 
of its highly reduced size, which usually does not go beyond 4-6 cm. In the 
Eastern Himalayas this plant seems to be widely distributed, for we have seen 
numerous specimens in the herbaria of Calcutta and Dehra Dun showing the typical 
reduction and other characters of this new variety. 

Androsucc croftii Watt var. scuposa Sant, & Banerji, var. nov. 

Varietas haec accedit ad typicam varietatem aspectu general! , ab ea tamen 
differt praesertim longitudine pedunculorum, quae est petiolis duplo saltern, saepe 
triple vel ultra longior. Flores purpurascentes. Typus varietatis lectus a M. L. 
Banerji in itinere a Those ad Bhittri in Nepalia orientali ad altit. 2750 m die 8 mensis 
maii anni 1952, et positus in Herbario Blatteri in urbe Bombay sub numero 
Banerji 686 ; paratyjms, Banerji 256, lectus ad eodem in itinere a Patala ad Phaplu 
in Nepalia orientali, ad 2710 m altit. et positus in herbario Banerji in Meerut, in 
India. 

This new variety is quite distinct from the typical plant at first sight, mainly 
on account of the length of the floral scapes ; in the typical plant they are just 
about as long as the leaves or slightly longer or at times shorter ; in the new variety 
the scapes are at least twice, often thrice as long as the leaves, or even longer. 

Zeuxine gracilis (Breda) Bl. FI. Jav. N.S. 56, t. 18, f. 2, & t. 23 D, 1858 ; J. J. 
Smith, FI. Buitenz. 6 : 110, 1905 & f. 78, 1908 ; Holttum, Rev. FI. Malay, 
1 : 134, f, 22, 1953. 

Psychechihs gracile Breda, Gen. Sp. Orch. t. 9, 1827. 

Monochilus affine Lindl Gen. Sp. Orch, 487, 1898, 
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Zevxine affinis Hook. f. FI. Brit. India 6 : 108, 1890 ; King et Pantling in Ann. 

Roy. Bot. Gard. Calcutta 8 : 290, t, 387, 1898. 

Zeuxme blatieri Fisclier in Kcw Bull. 1928 : 76, 1928. 

The plant or plants listed under these various names have never been men- 
tioned for Bombay previously ; they are given here as new records for Noi’th Kanara, 
which until the Reorganisation of States formed part of Bom})ay State. 

We have not seen the types of these various ])lants ; but a careful examination 
of the descriptions iiuilines us to accept these names as synonyms, belonging to 
one and the same species. The desen-iptions lit our j)lants from North Kanara. 

Fisher has distinguished his Z. blatteri from Z. affinu Hook. f. by its broader 
leaves, its narrow ])etiole, its glabrous sheaths and by the lij), which is saccate, 
fleshy, ecalcarate, the lobes of the limb being orbicular, glabrous and distant. 
Examination of the description and icones of Z. affinis shows tliat the leaf sheaths 
arc not pubescent, the lip not calcarate ; in our own specimens the lobes of the 
limb are rather variable, from oblong, oblong-orbic.ular to subcuneate, and are 
glabrous. 

In the literature we find that the combination Z, affmn is attributed to Bentham 
in Benth. & Hook. Gen. Plant. 3 : 690, 1883. Bentham, however, did not make 
the actual combination in the sense of Art. 32 of tlu' 1956 edition of the Inter- 
national Code of Botanical Nomenclature ; the com))ination must be credited to 
Bentham ex Hooker f. in FI. Brit. India, loc. cit., or simply to Hooker f. 

J. »r. Smith, 1.0., mentions that 7j. gracilis Blume is similar to the Indian 
Z, affinis : but the words of R. Holttum, l.c., (hwrvc attention : '‘Whether the 
Malayan plants are quite identical with Z, gracilis from Java, or with 7j. affinis 
from India, is not certain. There is much variation in this group of Zeuxines, and 
the exact limitation of species is not certain without more careful observation of 
living plants.’' 

We have gathered abundant living materials of this plant in North Kanara, 
and after careful examination we have come to the conclusion that the three species, 
Z, blatieri Fischer, Z. gracilis Blurne, and Z. affinis Hook. f. are identical ; and in 
consequence the earliest name for the group is to be adopted, in this case Z. gracilis 
(Breda) Blume. 

There arc some notable variations in the colour of the lip, as noted by different 
authors. Smith describes the lij) as pale flesh-coloured at the base, becoming 
whitish or pale yellowish upwards ; Holttum gives the lip of his plants to be 
yellowish at the base, with a white blade ; King and Pantling describe tlie lip as 
yellow, the blade is «lso coloured yellow in their plate ; Fischer states that the 
sac of the lip is orange, the limb white. Our own observations in tlu^ field are as 
follows : Sepals greenish with paler white or whitish apices ; petals greenish, but 
paler within and at the apices, occasionally pale pink ; the sac of the lip orange 
to orange red, the limb white or pale yellowish ; in specimens which have been pr(s 
served in formaline solution the sac of the lip has been noted to change to pale 
yellow ; the anther is pink. 

Epipogium R. Br. Prodr. 330, 1810. 

This generic name was originally spelled by Gmelin as Epipognm (FI. Sibir. 

1 : 11, t. 2, f. 2, 1747) ; Index Kewensis has taken up the spelling of Gmelin. In 
the literature we find the following orthographic variants of the same name : 
Epipoginm, Epipogon, Epipogion, In his Sp. PI. 945, 1753, Linne reduced the 
plant to the genus Satyrium, under the name Satyrium epipogium ; R. Brown in 
1810 revived the generic name Epipogium, possibly on account of the Linnean 
epithet. Gmelin ’s name is invalid as being pre-linnean i.e., of 1747 ; hence the 
name must be credited to R. Brown, 1810, and his spelling is the valid one. 



TO THE 1NI)0-NBPALESE ELOEA 


139 


Epipoglum roseum (D. Don) Lindl. in Jounn Linn. Soc. 1 : 177, 1857 
Holttum, Kev. FI. Malay 1 : 106, 1953. 

Limodorum roseum D. Don, Prodr. FI. Nep. 30, Febr. 1825. 

Galera nutans Blume, Bijdr. 416, f. 3, Dec. 1825. 

Epipogum nutans Rciclib. f. in Bonpland. 5 : 36, 1857 ; Hook. f. FI. Brit. India 
6 : 124, 1890 ; King ot Pantling in Ann. Roy. Bot. Gard. Calcutta 8 : 253, 
1898; Fischer, FI, Pres. Madras 1460, 1928; Blatter et McCann in Journ. 
Bombay nat. Hist. 8oc. 35: 729, 1931. 

Podanthera j)allida Wight, Icon. t. 1759, 1852, 

In our Indian floras this plant is commonly listed under the name of E, nutans 
Reichb. f.; however, as pointed out in Flora Males, (in I, 4(5); clxxi) the publication 
of Blume’s book dates from »Iune 1 to Dec. 7, jn’obably from the first week of 
December, 1825, whilst D. Don’s Prodronius dates from February 1, 1825 ; Don’s 
name, therefore, has priority over Blume’s, and the only correct name for the plant 
is the one adopted here. 

Nervilia discolor (Blume) Schlechter in Bot. Jahrb. 45 : 403, 1911 ; Holttum, 
Rev. FI. Malay 1 : 105, f. Ifie, 1953. 

Cordyla discolor Blume, Bijdr. 417, 1825. 

Pogonia discolor Blume, Mus. Bot. Ludg.-Bat. 1 : 52, 1849, et FI. Jav. 128, 
t 57, 1858 ; Smith, FI. Buitenz. 6 : 54, 1905 & f. 33, 1908. 

Pogonia biflora Wight, Icon. t. 1758, 1852 ; Hooker f. FI. Brit. India 6 : 119, 
i890. 

Nervilia biflora (Wt.) Schlecliter in Bot. Jahrb. 45 : 403, 1911 ; Fischer in FI. 
Madi'as 1459, 1928 ; Blatter et McCann in Journ. Bombay nat. Hist. Soc. 
35: 726, 1931. 

Blatter and McCann mention that Bell 0066 and duplicates have been com- 
pared by C. E. C. Fischer with the tyjie of Pogonia biflora Wt. in Kew Herb.; one 
of these duplicates is available in Blatter Herbarium, Bombay, and our specimens 
have been matched with it. 

One result of our examination is that the two species N. biflora Schl. and 
N, discolor Schl. must be considered identi(‘al. There is but one point of differencte, 
which is in the colour of the median band on the lip ; in discolor the band is said 
to be yellow, in bijlora it is white or paki rose. The basic structure is identical, 
in spite of this slight variation in the colour. 

The species is a very variable one, in respect of the general coloration of the 
leaves and flowers. When the plant grows in dense undergrowth under very 
reduced light intensity, the leaves are deep purple to nearly black in colour, and 
the covering hairs are purple and very stiff. As the monsoon comes near its end 
and the light and temperature of the forest goes up, the leaves turn brownish, often 
rusty brown. We found this plant in very large numbers in the undergrowth of 
the forest in the Dangs, and collected herbarium specimens and in addition a number 
of tubers for cultivation under controlled conditions. All our plants obtained from 
such tubers, which had been grown in an open part of the garden in Bombay, gave 
pure green leaves with pale green hairs. Further the same plant was collected 
from Bhimashankar, Poona Dist., in scrub forest ; these plants showed pure green 
leaves. It seems, therefore, that the intense purple colour of the plant is connected 
with deficient light. From our observations we are inclined to believe that the 
variation in colour of the flowers is also intimately connected with the intensity 
of the light at the spots in which the plant has been growing ; this is why the slight 
difference of colour mentioned above seems to us of little importance. 
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Abstract 

1. The aimisvenosus being absent in those birds the sinuatrial node has lodged itself 
in the right atrial wall. 

2. Spoeialisod histological structures such as sinuatrial node, atTiovontricular node and 
tho atrioventricular bundle are located in the hearts of these birds. 

3. Tho cephalic node o.g., sinuatrial node has tho liistological features different from 
atrioventricular node and the atrioventricular bundle. 'Jliis disparity has been assigned to 
their location within the atrial tissue in one case and within tho ventricular myocardium in 
another. 

4. Tn the absence of well developed limbs of atrioventricular bundle in those birds a 
part of cardiac impulse for contraction would pass through the accessory muscle bands of ordinaiy 
cardiac fibres present in the right atrioventricular valve and at tlie jimction of tlio atrial and 
the ventricular septa. 


Introdttotiom 

Purkinje (1845) obfierved under tho serous sheath a network of gi’oy, flat, 
gelatinous threads in the musnles and around tlie fibrous bundles of the heart 
of mammals. On microsco])ic examination he found thest*. threads to be (*om- 
poscd entirely of grains, which, like those of ganglia, were crowderl (dose to each 
other and appeared polyhedral. Davies (1930) stated that these fibres constitute 
a special movement apparatus (Bewegungsappart). Kulbs (1913) traced the 
subendocardial Purkinje fibres in the heart of birds and demonstrated the 
presence of a traijt of tissue resembling tho ‘Bundle of His’ of mammals at the 
atrioventricular junction. Mangold and Kato (1914) concluded that sinuatrial 
node is present in the bird’s heart near the termination of the right precaval vein 
and the atrioventricular bundle with two terminal branches in the ventricular 
septum. The sinuatrial node was described by Keith and Flack (1907) as a mass 
of peculiar fibres having a few nerve cells and nerve fibres embedded in densely 
packed cpicardial connective tissue. Keith and Mackenzie (1910) regarded this 
tissue to be intermediate betw^een nerve and muscle fibres and therefore gave it 
a non-committal name of nodal tissue. Drenann (1927) by the naked eye dissection 
of the ostrich heart demonstrated that the atrioventricular bundle passes from 
the dorsal part of the base of atrial septum into the depth of the ventricular 
septum. Ohmori (1928) observed the atrioventricular connections between the 
atrioventricular node and the atrioventricular bundle in the heart of birds. Davies 
(1930) studied the anatomy and the conducting system of the heart of black swans 
and pigeons. Adams (1937) studied in detail the conducting system of the heart 
in kiwi and penguin. Inspite of observation on the avian and mammalian heart 
the specialised tissue has so far not been well illustrated and there is scope for 
critical study. 
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Materials and Method 

Specimens of Passer domesticus and Pycnomtus cafer were locally procured 
and kept alive for a short period in cages. The birds were chloroformed and 
dissected to remove the hearts. The hearts were fixed in Bouin’s picroformol. 
Both sagittal and frontal sections were cut ojBF paraffin embedded blocks and stained 
in Van Gieson’s picrofuchsin. The localised area in the sections were photographed 
directly. 


Observations 


Sinuatrial node 

The cardiac muscle fibres in these two small birds are arranged very com- 
pactly and are so fine that even in well differentiated stained sections the nuclei 
were hardly discernible under high power. The structure of sinuatrial node was 
therefore studied under phase contrast arrangement. In Pycnomtus cafer the 
sinuatrial node is a well defined structure lying on the antero-dorsal surface of the 
right atrial wall in a U-shaped cavity present between the opening of the left 
precaval vein and the septum atriorum. The node is lodged within the thin right 
atrial wall (Fig. 3). The sinuatrial node is not exactly a horseshoe shaped structure, 
its lower end touches the base of the ‘inter-septo-valvular space' and at this end 
its fibres emerge out to become continuous with the cardiac fibres of the atrial wall. 
The node is separated from the left venous valve by 4 mm. and from the septum 
atriorum by 27 mm. The component fibres of the node are not Purkinje fibres 
although they are thinner than other cardiac fibres. The nodal fibres are arranged 
compactly within a fibrous membrane. 

Atrioventricular mde 

In Pycnomtus cafer and Passer domeMicus the atrioventricular node is present 
on the cephalic surface of the septum ventriculorum and the lower wall of the left 
atrium, ])osterior to the interatrial septum at the level of the aortic arches (Figs. 2,3). 
The atrioventricular node is enclosed in a mass of loosely connected fibres. The 
atrioventricular node is not a well defined structure in Pycnomtus but in Passer 
it is a well defined oval mass of Purkinje fibres. 

Atrioventricular Bundle {Bundle of His) 

The atrioventricular bundle in Pycnomtus and Passer lies ventral to the 
atrioventricular node. The atrioventricular node and the atrioventricular bundle 
in both those birds are connected through Purkinje fibres which are thinner than 
the component fibres of the node and the bundle. On examination of the serial 
sections the heart shows that the atrioventricular node is continuous with the 
atrioventricular bundle at its lower end. The atrioventricular bundle in Passer 
and Pycnonotus is composed of fine dense fibres not crossing each other with 
numerous prominent deeply stained nuclei (Fig. 5). The bundle covers the broad 
cephalic surface of the ventricular septum and gives tubular extentions on either 
side. 

Accessory atrioventricular muscle bands {Bundle of Kent) 

The atria and ventricle in the vertebrate heart are separated by the interven- 
ing fibrous tissue which in sections looks like transparent film taking deep red stain. 
In the serial longitudinal sections of the heart of Pycmmtus it has been observed 
that at the left side of the right atrioventricular opening a prominent band of atrial 
fibres runs vertically downward and merges with the fibres of the ventricular septum 

6 
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(Fig. 6). In addition to this, as already indicated, the atrial fibres are closely 
applied to ventricular fibres in the case of the right atrioventricular valve which 
is muscular (Fig. 1). 

Purkinje fibres 

Purkinje fibres arc poorly distributed in the atria of both the birds. Besides 
Purkinje fibres the author observed a distinct band of fibres unlike ordinary cardiac 
muscle fibres, which took deeper strin. Such a band of specialised fibres was 
located exactly at a placje where the atrioventricular bundle was described by 
Davies (liKlO) in the heart of birds, and by His (1893) in the heart of mammals. 
Serial sections have revealed concentrations of Purkinje fibres on the wall of the 
aortic arch (Fig. 7). 


Discussion 

Keith and Mackenzie (1910) and Ma<^kcr\zie and Robertson (1910) stated that 
the atrioventricular bundle, the atrioventricular node and the sinuatrial node are 
absent in birds. Kulbs (1913) was also not definite about the presence of the 
atrioventricular bundle in birds though he observed a tract of the tissue resembling 
the Mhindle of His’ of the mammals at the atrioventricular junction of the heart 
of birds. In the heart of Pycnotiotvs and Passer histologically specialised structures 
ill the form of sinuatrial node, atrioventricular node and atrioventricular ])undle 
are present. 

The component fibres of the sinuatrial node and the atrioventricular node 
reported here are identit^al. Their structural differences with the atrioventricular 
bundle can be assigned to theii* atrial and ventricular origins. In the case of the 
tw^o birds studied the atrial muscle is alf ogethcr different from ventricular musc’le. 
The atrial muscle fibres are finer and thinner and thus the cephalic node (sinuatrial) 
is in less ciompromise to the septal nodes and bundles. 

The atrioventricular node has been described in many avian and mammalian 
hearts by Tawara (IfiOG). In avian heart it was described by Mackenzie and 
Robertson (1910) and Davies (1930). Ohinori (1928) described atrioventricular 
node in the heart of birds at the caudal end of interatrial septum. Adams (1937) 
described the atrioventricular node in heart of kiwi and penguin between the 
1 owest part of the septal wall of the right atrium and the left ventricle, and embedded 
in the dense fibrous tissue of the ‘trigonum fibrosum’. In Passer and Pycnonotus 
the atrioventricular node lies in the cephalic portion of septum ventriculorum and 
below the w^all of atrium sinistrum. At this point the left atrium and septum 
ventriculorum are separated by a transparent tissue of loosely connected fibres, 
which is not a dense fibrous tissue like the trigonum fibrosum. Davies (1930) 
recognised an up]}er and lower pole in the atrioventricular node in black swans 
and pigeons, while Adams (1937) observed no distinction of this type in kiwi and 
penguins. In Passer the atrioventricular node is a compact, well defined struc- 
ture but does not show an upper and a low^er pole. 

Davies (1930) observed that the atrioventricular bundle in the avian heart 
runs into the depth of the septum ventriculorum lying between its right and left 
surfaces, and divides into a right and left limb. In Passer and Pycnonotus the 
atrioventricular bundle gives short tubular extentions on either side, which run 
parallel to the surface of the ventricular septum. 

Kent (1913) while making a detailed study of the heart of various mammals 
reported that the mammalian heart does not show a break in the muscular continuity 
between the atria and the ventricles and observed numerous atrioventricular 
muscular connections between the atria and the ventricles. He also pointed 
out that the idea of a single atrioventricular connection was erroneous. Since 
then much controversy has raged over the presence and disposition of accessory 
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atrioventricular muscular connecitions. The birds lead a very active life and it 
has a bearing on their rapid rate of heart beat. To maintain rapid conduction 
of cardiac impulse the presence of well developed conducting system which pro- 
vides close continuity between atria and ventricles is necessary. The histologically 
specialised structure e.g., sinuatrial node, atrioventricular node and the atrioven- 
tricular bundle in the case of these two birds studied are well defined. The x^rob- 
able path which the cardiac stimulus of contraction may take for being conducted 
from the sinuatrial node to the ventricle has yet to be traced. 
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Explanation op Plates IX, X, XI, Xn 

(The figures are photomicrographs of localised area) 

Fig* 1. Longitudinal section through the heart of Passer showing right atrioventricular Valve 
‘X 130*. 

Fig. 2. Longitudinal section through the heart of Pycnonotus showing atrioventricular node 
‘ X 495*. 

Fig. 3. Longitudinal section through the heart of Passer showing atrioventricular node 
‘ X U0\ 

Fig. 4. Longitudinal section through the heart of Passer showing atrioventricular bundle 
‘X 100*. 

Fig. 6. Atrioventricular bundle under high power ‘ x 462’. 

Fig. 6. Longitudinal section through the heart of Pycnorwtus showing atrioventricular bundle 
and accessory atrioventricular muscular connection ‘x 490’. 

Fig. 7. Longitudinal section through the heart of Passer showing rings of Purkinje fibres in 
the wall of aortic arch ‘ X 160’. 


Abbreviations 


a.a. 

Aortic arch. 

a.my. 

Atrial Myocardium. 

a.v.b. 

atrio-ventricular bundle. 

a.v.n. 

atrioventricular node. 

at. dm. 

atrium dextrum. 

at. am. 

atrium sinistrum. 

aco.m.o. 

accessory muscular connections. 

cor.a. 

coronary artery. 

c.t. 

cardiac tissue. 

Lt.e.a.v.b. 

Left extension of atrioventricular bundle. 

P.f. 

Purkinje fibres. 

rt.e.a.v.b. 

Right extension of atrioventricular bundle. 

rt.v.c. 

right ventricular cavity. 

rt.a.v.v. 

right atrioventricular valve. 

v.sm. 

septum ventriculorum. 

v.my. 

ventricular myocardium. 

w.at.sm. 

wall of atrium sinistrum. 

w.at.dm. 

wall of atrium dextrum. 

w.a.a. 

wall of aortic arch. 



THE STUDY OF DRY SCRUB VEGETATION UNDER FOREST 
MANAGEMENT AT DHOND, POONA 

by G. S. PuKi and S. K. Jain, Botanical Survey of India^ Western Circle^ Poona 

(Communicated by R. Misra, F.N.l.) 

{Received November 25, 1957; read March 17, 1958) 


Intense and continuous biotic interference in the Poona district has destroyed 
vast stretches of tree vegetation replacing it with scrubby growth or at places to 
stages of even poorer vegetation where only grasses grow in autumn. These 
degraded stretches of vegetation are still subject to continuous or even increasing 
pressure of grazing and are, therefore, fast heading towards denudation and des- 
truction. If patches of such areas can be closed from grazing and other biotic 
interference, they can develop into dense scrub jungles where abundance of dicoty- 
ledonous plants along with grasses will serve to stabilise soil and in the conserva- 
tion of water, soil and plant wealth. 

During our survey of the vegetation of the Poona district we came across 
a large piece of land, which has been recently protected by forest department from 
the biotic interferences. 

This land is situated on the left bank of river Bhiina at Dhond (18°32' N ; 
74^^40' E), oO miles east of Poona, ft is two miles from Dhond Station between 
the villages of Gar and Kauthe and has an average elevation of 500 meters above 
sea level. 

Topographically, the area is a plain country formed of traprock, greatly 
weathered to form a dry, coarse, sticky, hard soil on the toj) of which there is a 
layer of alluvial clay and sand deposited by river Bhima (Fig. 1). 

It is situated within the flood level of the river and appears to get flooded 
(luring rains. It slopes gently towards the river and is cut uj) by shallow^ or deep 
gullies, some of which are even 3-4 meters deep. Along the gullies the soil of 
black colour is compacted. 

The river Bhima in recent years seems to have been cutting its right bank 
and receding from its left bank on which this forest is situated. The left bank 
therefore has broad strip of alluvial sands and the right bank has sharply and 
variously cut basaltic rocks. 

The area studied has been closed to grazing for the last seven years and 
planting of Acacm species has been taken up by the State Forest Department. 
(It is named Blank Block Nos. 9 to 13). Plantation of Acacia has been done in 
r<)ws at about 6 meters apart. Apart from this, there does not seem to be any 
biotic interference at present. 

The vegetation of this area is, therefore, natural and is important in the 
respect that it gives an indication of the succession that can come in such over- 
grazed areas after they are protected from interference. 

The vegetation was studied in quadrats of one meter square by the method 
suggested by Misra and Puri (1956). In one study the quadrats were taken at 
random and in another two transects were laid one in north-south direction and 
the other in east- west direction. The shrubs and tall herbs were counted and 
their actual number recorded, but the ground flora species of prostrate herbs or 
grasses were recorded as ‘abundant^ ‘frequent* or ‘rare*. The symbols used denote 
the following features : 
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Abundant : — ^More than five plants in a quadrat or forming a conspicuous 
covering in the quadrat. 

Frequent : — Plants more than three in a quadrat and their presence is con- 
veniently noticeable. 

Rare : — Less than three plants in a cpiadrat, or presence not noticeable. 

A summary of the data is presented in Table 1. 


Tabltc I 

Dry scrub vegetation under the forest management 


Area : 

Rook and Geology : 
Soil : 


Biota : 


Garkautho Blank Block Nos. 9-13. 

Greatly weathered trap basaltic rock. 

Soil is formed of weathered basaltic rock on which alluvial 
clay and sand is deposited. Soil dry, coarse, sticky and 
black in colour. 

The area has boon recently closed and is now practically 
well protected from lopping, felling or grazing. 


Particulars of quadrats 

During Soplombor, 
40 quadrats of one 
motor square taken 
at random 

in % 

During November, 
1 1 fjuadrats of one 
meter square laid 
in a transect 
running oast-west 
in % 

During November, 
12 quadrats of one 
meter square laid 
in a transect 
running north-south 

iu % 

Shrubs : — 

Abutihn muticum G.Don. 

10 

18 

16 

Acacia arabica Willd. 

38 

27 

85 

Acacia sp. 

10 

— 

— 

Calotropis procera Br. 

Gapparis decidua Pax. 

5 

18 

10 

Gorchorus trilocularis L. 

68 

90 

100 

Ooniocaulon glabrum Cass. 

— 

81 

60 

Herbs : — 

Acalypha malabaricM> Muell. 

35 

9 

8 

Achyranthes aspera Linn. 

— 

36 

40 

Alysicarpua longifolius W. & A. 

13 

18 

8 

Aristida funiculata Trin. & Rupr. 

— 

45 

28 

Brachiaria isachne Stapf. 

53 

18 

— 

Ghhris virgata Sw. 

— 

9 

— 

Gommelina forskalii Vahl. 

28 

— 



Digera arvensis Forssk. 

13 

— 

— 

Dinebra retroflexa Panzor. 

5 

— 

— 

Euphorbia hirta Linn. 

— 

9 

8 

QuizoUa abyssinica Cass. 

38 

— 

— 

Indigofera cordifolia Roth. 

60 

— 

— 

Indigofera Unifolia Rotz. 

10 

9 

— 

Indigofera 

18 

— 

— 

Isachne 

— 

63 

60 

Juatkia quinqueangularis Koen. 

60 

90 

76 

Leucas urticaefoUa Br. 

8 

— 


Merrentia emarginata Hall.f. 

6Q 

54 

85 
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Particulars of quadrats 

During Soptomber, 
40 quadrats of ono 
motor squam taken 
at random 

in % 

During November, 
1 1 quadrats of one 
met6)r square laid 
in a transect 
running oast-wost 
in /Q 

During November, 
12 quadrats of ono 
motor square laid 
in a transect 
running north -south 

in% 

Nazia racemosa Ktze. 

8 



Paapalidium ftavidum Camus. 

10 

— 

— 

Phyllanthus nuideraapatenais Linn. 

23 

72 

35 

Rhynchosia minima DC. 

53 

9 

35 

Buellia patula Jacq. 

15 

— 

8 

Rungia elegans D. & C. 

— 

' — 

50 

Solanum nigrum Liim. 

— 

- — 

8 ' 

Sporobolus sp. 

18 

18 

8 

Trihulus terrestris Linn. 

33 

— 

— 

Tridax procumhens Linn. 

8 

18 

18 

Tripogon jacquemontii Stapf. 

10 

— 

— 

Triumfetta rotundifolia Lamk. 

8 

— 

— 

Ure7ia lobata Linn. 




8 

Urochloa helopus Stapf. 

15 

— 

— 


The community is of low stature in which only a few plants grow above 
one meter high. The planted Amda arabica shiirbs sometimes grow upto 2 or 
2.5 meters high. The general physiognomy of the vegetation is, however, scrubby. 
The plants do not have on their branches any mosses or lichens or any epiphytic 
ferns. Climbers are also absent emphasizing the dry nature of the locality. 

The tallest plants in photograph 1 are of Acacia arahka. They are of different 
ages, varying from three to six years. Goniocaulon glabruvi, Achyranthes aspera 
and Abutilon sp. are the commonest plants in the next height group i.e., 0.75 
meters to 2 meters. Achyranllm aspera, Goniocxiuhm gJubrum, and Rungia elegans 
form a mixed community. Goniocaulon ghbrum is a tall bushy plant with light 
purple glaucous inflorescence and is abumlant in the whole area (Fig. 2). Abutilon 
muticum is a shrub with yellow or orange flowers and is l-l.S meters tall. The 
plant is densely pubescent and has large leaves. 

In the next height group i.e., between 0.5 meters and 1 meter, the follow- 
ing plants are common : — 

Corchorus trilocularis, Calotropis procera, Urena lobata, Triumfetta rotundifolia, 
Chloris barhaia. Of these Corchorus trilocnlaris is the most abundant. Hibiscus 
punctatus is also in this height group, but incidentally did not fall in any of the 
quadrats studied. 

Occurrence of Hibiscus punctatus is interesting. The distribution of Hibiscus 
punctatus has been recorded by Cooke (1908) as “Gujerat : Broach collectorate 
(rare), Dalzell and Gibson ; Surat, Dalzell ! Sind : Stocks ; Karachi, Woodrow ! 
Cooke ! Jemadar ka Landa, near Karachi, Stocks ! 

It has not been recorded by Razi (1952) in his account of vegetation of Poona 
District. It appears that the plant is spreading eastwards and is a new record 
for this area. 

The next class of plants is between height 0.1 meter and 0.6 meter. To 
this class belong the following plants : 
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Justicia quinqumngularis, Rungia elegans, AcalypM mcdabarica^ Tridax 
prorumbens, PhylUmthus maderaspatensis, Commelina forskalii, Brachiaria isachne^ 
Sporoholus species, Edipta alba, Flaveria repanda. 

AiiKMig these Justicia quinqueangidaris and Rungia elegans are a conspicuous 
feature of the vegetation. Fig. 3 shows a community of Rungia elegans which 
is more common in the river side belt between the closed and grazed areas and is 
frequently present on slightly raised mounds of soil. Flaveria repanda forms 
dense colonies here and there. 

The last class is of plants which are prostrate or decumbent. To this class 
belong the following : 

Mcrreynia emargimiUi, Phaseolus trilobatu*^, Rhynchosia miniw/i, Aristida 
adscensionis, Aristidn funiculaia, Brachiaria isachne, Riiellia patula, Indigofera 
linifolia, Aliermmihera echimitus, Indigofera cordifolia. 

Sometimes almost a pure community is seen formed of Merremia emarginata 
in tlio centre with Corchorus trilocnlaris, Goniocaulon glabrum and Urena lobata>. 

Th(i spreading and rooting branches of Merremia emarginaia form dense 
(jovering on the ground almost at every alternate step and are a very remarkable 
feature in the ground vegetation. 

Fig. 4 shows a profusely branched and spreading colony of Aristida funiculata 
amidst Merremia and Justicia. 

There are about ten species of grasses in the area of which Brachiaria isachne 
is tlic most abundant. Other more common ones are UrocMoa helopus, ArMda 
adscensionis, Aristida funiculata, Tripogon jacquemmitii, Nazia recemosa and 
Sporoboltus diamler. Since most of the grasses are small in size they are not cons- 
picuous and are hidden in clumps of Corchorus, Achyranlhes, Flaveria and Ahutilon. 
The general appearance of the forest is not of grassland but of scrub jungle. 

The following plants were also collected from this area. These incidentally 
did not fall within any of the quadrats studied : — Arundinella gigantea Dalz., 
Atylosia sericca Benth., Caesulia axillaris Roxb., Capparis zeylanica Linn., Cardio- 
spermnm halicacahum Linn., Chloris montana Roxb., (Wotalaria return Linn., 
Cynodon dactylon Pers., Desmodium diffusum DC., Dichanthium annnlatum Stapf., 
DicUptera roxburghiana Nees, Eragrostis ciliaris Link., Eragrostis gangetim Steud., 
Flaverm repanda Lag., Launea v/udicaulis Linn., PJmseolus Irilohatus Ait., Polygala 
chinensis Linn., Salvia pkheia Br., Sesbanea aculeata Poir., UrocMoa reptans Stapf., 
Uvaria lagopoides, Verbascuin coromandelianus Ktze, Zizyphus jujuba Lam. 

It is significant that many of the dicotyledonous species arc prostrate or 
decumbent herbs such as Merremia ermrginaM, Euphorbia sp., Tribulus terrestris 
and Rhynchosia minima. This feature of the vegetation also indicates the dry 
nature of the soil and intense grazing in the past. It will be interesting to note 
in the course of time, how the frequency of prostrate and erect herbs changes under 
conditions of protection to the forest. 

The area is almost devoid of any tree seedlings although trees of Acacia, 
Capparis decidua and Capparis zeylanica grow in the neighbourhood of this closed 
forest. Just adjacent to the closed forest are fields open to grazing. They not 
only lack in any tree vegetation but the shrubs also are represented by merely 
two or three species such as Cassia tora Linn., Zizyphus jujuba Lam. and Capparis 
decidua Pax. The few grasses and dicotyledonous plants growing in this open 
area are interesting as they are quite different from those growing in the closed 
area. Plants of Edipta alha, Setaria intermedia, Paspalidium flavidum and 
Digitaria mirgimta are common. 

The Acacia forest between the reserve plot and the river bank has only small 
Acacia and Capparis trees and shrubs but being open to grazing there are no other 
shrubs or any noteworthy ground flora. Fig. 5 shows scattered small trees of 
Acacia arabica and Capparis decidua. The ground is barren except for a few 
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S(;attered distant patches of browsed slirubs and small stumps of Corchorus^ 
Xanthium and grasses. Fig. 6 is of a bush of Gapparis decidua bearing orange flowers. 

It is not possible at present to give any successional trend in the develop- 
ment of vegetation under closed or open conditions. The observations are of 
inter(^st, because they describe the two contrasting types of vegetation under open 
and closed conditions of forest. 
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A NEW METHOD FOR THE CLASSIFICATION OF THE CLIMATES OF 
THE ARID AND SEMI-ARID REGIONS* 
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(Communicated by F. R. Bharucha, F.NJ.) 

(Eeceived December 18, 1957 ; read March 17, 1958) 


Abstract 


Aftor pointing out the limitations of the existing systems of climatic classification a 
now systom based on tho Effective Growth Index has boon evolved. This system is applied 
to classify the arid and somi-arid regions of India and vicinity V)y using climatic normals, such 
as tomporaturo and precipitation of sixty stations situated in and around tho arid and somi- 
arid regions. The computed Effective Growtli Indices wore plotted on a ma]) and through 
tho study of vegetation, soil and landscape it was found that places having the Effective Growth 
Indices between 0 luid 20 have arid climate while those with Effective Growth Indices between 
20 and 40 belong to the somi-arid one. 

The purpose of climatic classification is to tjharacterise climatic regions in 
terms of those principal elemtuits, such as temperature and })recipitation, which 
arc the most decisive in the formation of the vegeta-tio?i and soil groups of tho 
earth’s surface. It attemi)ts to develop the similarities which the (dimatic elements 
bear to each other and their relation to their principal (tauses, the effect of latitude, 
of atmospheric and oceanic (nrculation, in opposition to geographi(^al accidents. 

Climatic classifications owe their origin to phytogeographical descriptions 
though in recent years there has been some controversy in defining this subject 
and its relaticm to nieteorology, geography and statistics. Thci physiognomic 
desci’iptions of plant associations are related to the first descriptive maps of the 
distribution of temperature and rainfall, and in this connection we should cite 
valuable contribution of de Candolle (1875), Grisebach (1875), and Sohimper (1903), 
that include the analysis of the diverse plant types of the world in relation to the 
principal climatic elements which determijie them. 

Koppc]), a St. Pettrsberg-trained biologist, and a contemporary of the phyto- 
geographers mentioned above, was the first to attempt a rational classification of 
the major climatic groups, taking as a basis the phyto-gcographical manifestations 
which they determined and adopting a terminology and symbolism similar to those 
used by de Candolle. His first classification appeared in 1900 and it has been 
repeatedly changed both by himself and others. It finally appeared in the Hand- 
buch der Klimatologie published by him in 1936. 

Koppen’s system was widely accepted by several authors but each one of 
them admitted its obvious defects. Koppen, in his work, had recognised the 
importance of evaporation to distinguish between humid and dry climates but 
being unable to measure it, ho developed as his indices relations between precipita- 
tion and temperature weighing both in such a manner that tho resulting indices 
would correspond to the boundaries between the actual vegetation types. Since 
then, many authors have directed their attention to solve this problem, with an 


♦ Paper read at the International Geographical Seminar in the Session on “Arid and 
Somi-arid Zones” held at Aligarh University in January, 1966, 
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idea to improve upon the primary concept laid down by Koppen. Notable among 
such formulae being Mayer’s (1926) ‘‘Total Precipitation to mean Saturation Deficit”, 
Vazquez’s (1933) “Phyto-climatic Index”, Kosenkranz’s (1936) “Index of Oceani- 
city” and Davidson’s (1934) “Precipitation-Evaporation ratio”. 

The “Precij)itation-Evaporation ratio” though very attractive to use, could 
not be computed for all regions due to lack of necessary data and hence demanded 
some alternative, and the formulae put forward usually took into account pretapita- 
tion and temperature or these in some of their functional forms. Among such 
fomulac mention may be made of Lang’s (1915) P/T, Albert’s (1928) “Reduced Rain 
Factor,” de Martonne’s “Index of Aridity”. 

Thoriithwaite (1931), in his first attemjjt, rejected both Koppen’s and do 
Martonne's classifications and offered a new one obtained by summing the individual 
month’s “Temperature Efficiency” and “Precipitation Effectiveness”. This “Pre- 
cipitation Effectiveness” is a function of rainfall and temperature evolved to fit 
the loss of water from open pans run by U.S. Weather Bureau at 21 stations in 
the western part of the country and is applicable to only those figures, as has been 
proved by Bharucha and Shanbhag (1957). His formula when solved for evapora- 
tion shows that the evaporation varies directly as the approximate temperature 
and has a small inverse dependence on precipitation. This relation is true to some 
extent (if we do not reach the limiting condition) where unlimited supply of water 
is available for evaporation, but in case of soil surfaces in nature it would be con- 
trary to our experience to say that the evaporation increases as the amount of 
water in the soil decreases. 

There are many expressions with the aid of which evaporation from open 
water surfaces can be predicted though all of them are to some extent empirical, 
but they make at least some attempt at ])hysical realities. One such formula is 
by Rowher (1931) which has been thoroughly tested both in the laboratory and 
outside, the second is by Thornthwaite himself derived in collaboration with 
Holzman (1942) and the third is by Penman (1948). Evaporation data obtained 
from any one of these formulae (;an be used in conjunction with precipitation to 
classify the climates instead of using the expression as laid down by Thornth- 
waite which gives results (]uite contrary to our experience. 

It may, however, be doubted whether evaporation from pans or large bodies 
of water, is in any way representative of the evaporation from soils covered with 
vegetation. In nature there are two processes viz., (i) the evaporation from the 
soil and (2) the transpiration from the plants which are active in transporting the 
precipitated water back into the atmosphere. These processes are governed mainly 
by the sun and the sky radiation, the atmosphere immediately above the ground 
in which actual vapour pressure is less than the saturation vapour pressure, the 
wind movements which remove the excess of water in the air above the evaporating 
surface and thus prevent the saturation point being reached, and finally the 
temperature of the air. The last, viz., the air temperature plays an important 
role in at least two ways : — (i) it controls the temperature of the water through 
thermal convection and thus acts as a source or sink for heat energy depending 
upon whether the air is warmer or colder than water ; and (ii) since it controls 
the temperature of water it partially determines the vapour pressure deficit. 

Evaporation is also controlled by the nature of the container through its 
response or relation to the meteorological factors mentioned above. Thus, for 
example, the sun and the sky radiation falling on the soil is retained in a thin layer 
near the surface since soil is opaque to light and thus will cause a large rise in the 
soil surface temperature as opposed to that of water which is translucent to light. 
Hence evaporation from saturated soil will be greater than that from a large mass 
of water under similar meteorological conditions. This is true for a wet soil surface, 
but as soon as the surface becomes dry other factors come into operation. At this 
stage evaporation does not take place from the interface of soil and air, but a few 
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millimeters below. Hence the water molecules have to diffuse through the dry 
soil which acts as a ‘‘potential barrier'’ before being caught and blown away by 
the prevailing wind. This potential barrier whi(;h increases the path of molecular 
diffusion, reduces the rate of evaporation. Secondly, heat conduction fi'om the 
surface into the deei)er layer of the soil becomes smaller as the pores are filled with 
air whose thermal conductivity is smaller than that of water. 

Transpiration which is more powerful than evaporation in reducing the 
available water is also governed by the same meteorological factors which bring 
about evaporation. Besides these it depends u}>on the physical and biological 
factors of the soil and plant respectively. The meteorological fa(;tors which bring 
about transpiration are (ionsiderably altered by the location, colour and orienta- 
tion of trees and their leaves. The shaded leaves will transjiire less than the un- 
shaded ones because of the difference in the available sun and sky radiation. It 
is an established fact that the wind increases with height in the layers nearest the 
ground with the result that transpiration from short gT*asses will be less than that 
from isolated trees, other things being equal. The colour of the leaves which decides 
the albedo will in turn govern the rate of transjDiration. Orientation of the leaves 
with respect to the incident beam of light determiners the amount of absorbed 
energy and this in its turn fixes the rate of transpiration. Thc're are numerous 
other examples to show that the rate of transpiration will be affected by the modi- 
fication of the meteorological factors through th(' transpiring agent, the plant. The 
physicjal and biological factors which control the rate and amount of transpiration 
are too complicated to be mentioned here, but for a detailed ac(;ount reference may 
be made to the present author’s work (1957). 

A short description of the processes of evaporation and transpiration given 
above makes it clear that both these phenomena depend upon several agents and 
they cannot bo equal or in any way (comparable to the water loss from the evaporat- 
ing pans or atmometers. Furthermore, in the case of the evaporating pans or 
atmometers the substance to be evaporated, viz., water, is unlimited and the rate 
of evaporation is solely governed by the evaporating agents as modified by the 
nature of the container. In nature, however, such condition of unlimited supply 
of water occnirs only during the wet season and even during this season the supi)ly 
of water depends upon the intensity and distribution of the stoim as well as on 
the soil, vegetation and landscape. The evaporation off an open w'atccr surface 
is sometimes regarded as being a measure of the e\ aporating power ; even if this 
proposition is accepted, it can however be regarded as sound only for unit area 
of an infinite water surface. The evaporation from small pans is affected by the 
turbulence set up across the rims of the pans. Under such coTidition it is rather 
difficult to tell as to what is being measured by these pans. For these reasons 
the results or relations derived from such studies cannot be used to define the 
aridity or humidity of a place. Realising that his j)recipitation -evaporation ratio 
and the temperature efficiency indices can give little hint of the com})lexity of soil 
moisture relationship and that they cannot be regarded as adequate measure of 
precipitation efficiency, Thornthwaite (1948) proposed his second tJassification 
based on the humidity and aridity indices which is the difference between the pre- 
cipitation and the “consumptive use”. The term “consumptive use” which was 
in vogue in irrigation practices was introduced into climatology by Thornthwaite, 
changing its name into what is called “potential evapotranspiration”. It is defined 
as the amount of water which would be lost from a surface completely covered 
with vegetation and supplied with ample water. This quantity, acjcorditig to 
Thornthwaite but not in the opinion of Blanny (1953) who introduced the term 
“consumptive use”, depends only on the amount of solar energy received by the 
surface and the resulting temperature rather than on the kind of plant. This 
hypothesis is quite contrary to the findings of Henrici (1946) and Blanney and 
Criddle (1946). 
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Thornthwaite’s concept of P-E which may be useful in irrigation practices, 
becomes highly hypothetical for the classification of climates since the required 
condition of land completely covered with vegetation and supplied with adequate 
water throughout the year occurs only in a limited part of the world. Secjondly, 
the empirical relation between evaporation and temperaturci obtained by him is 
based on the data of water requirements of crops at 12 irrigated areas in U.S.A, 
in latitudes ranging from 29°N to 43‘^N and is subjected to the same criticism as 
was directed to his first. Thirdly, though he says that the P-E depends only on 
the amount of solar energy, his formula for obtaining the monthly or daily P-E 
is based on a correlation with the mean monthly temperature ; but the mean 
monthly temperature is in itself not a measure of the available energy for evapora- 
tion and transpiration. Any formula which is based on temperature and empiri- 
cally corrected for latitudes gives erroneous values of P-E if the temperature of 
a locality is largely influenced by high altitude, presence of warm and cold ocean 
currents and advectivc air. His formula, as it stands, gives high values of P-E 
during the wdnter months than what could be explained on the energy considera- 
tion. Besides these there are other shortcomings in his system of classification. 
They are : — (a) that the water which could be held in the soil and is made available 
to the plant is 4 inches for all soils ; (b) that the energy needed to withdraw this 
amount of water is the same at all moisture contents till the wilting point is 
reached ; (<;) that amount of water which is availa})le for run-off is 50 per cent of 
the water surplus for all landscape and soils : which are not at all ac(;eptable. 

Tn nature transpiration and not evaporation from the soil, which stops as 
soon as an insulating dry cap is formed on its surface, is more powerful in removing 
water in unit time by acting simultaneously on the whole depth of the soil column 
occupied by the root zone and also removes more water in the long run since it 
reaches to a greater depth than what evaporation can do. Hence evaporation in 
nature which takes place primarily through transpiration is not really a loss to 
be deducted from rainfall, as is done by Thornthwaite for finding the availability 
of water for plant growth. In fact, the opposite is more nearly true ; the natural 
evaporation from soil covered with plants represents almost entirely the water 
that has been used in growth with the result that places where there is high 
evaporation must have a luxuriant growth of vegetation, which fact is not brought 
about by Thornthwaite in any of his classification. 

It has been already remarked that the P/E ratio is very attractive in the 
classification of the climates of the continents but the determination of the natural 
evaporation is very difficult. The only sound method for its determination is 
based on turbulence theory that was first formulated by Thornthwaite and Holz- 
man (1942) and achieved its perfection in the hands of Pasquill (1949). Determi- 
nation of this quantity based on the above method is very meagre. In the absence 
of such data wc have to confine our attention to other more reasonable methods 
of classification rather than use some hypothetical quantity which has no real 
physical existence. 


Temperature and plant growth 

Temperature influences in one way or other every chemical and physical 
process connected with plants. Solubility of minerals, absorption of water, gases, 
mineral nutrients, diffusion, synthesis as well as the vital processes, such as growth 
and reproduction are all controlled by temperature. Since these processes are 
necessary for plants to get established and to survive, temperature controls to a 
considerable extent the distribution of plants on the earth and largely determines 
the flora of the different regions. Moreover, temperature delimits also the area 
of successful poduction of most agricultural crops. 
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Several investigators tried to find a relation between temperature and 
growth. All of them came to the conclusion that there is always an optimum 
temperature for growth, a temperature at which the growth rate is the highest. 
The growth rate decreases at a lower or higher temperature. This optimum tempe- 
rature when the growth rate is maximum is in tlie vicinity of 30'"C (86®P) though 
it is found to vary slightly with the species and length of their exposure. Lehen- 
baur (1914) from his investigation on the growth of maize seedling in relation to 
temperature found that the greatest rates of growth occur within the temperature 
range 29® to 32®C. Wadley (1930) from his study of Green Bugs in relation to 
temperature found that the rate of devclojnnent was most rapid at 30®(y. Similarly, 
there are minimum and maximum temj)eratiires beyond which growth docs not 
occur. These limits, though varia1)le, are in the vicinity of 0®(; for the lower value 
and somewhen^ about 40®C for the upper value. 

Van’t Hoff (1884) propounded the famous principle that the velocity of any 
chemical reaction doubles or trebles with each rise in temperature of 10°C. His 
equation is of the form : — 

V^GK^ 

where the constant K has the value 1.0718 and 1.1161 when the velocity doubles 
or trebles respectively for a rise of temperature of 10®C. When the growth rates 
as given by Lehenbaur are compared it is found that Van’t Holf's law is applicable 
only in a limited range of 20® to 31 ®C and nowhere else. 

All investigations on the relation between temperature and growth have 
made it clear that up to 30®0 there are the growtli stinnilating factors and beyond 
that the growth inhibiting factors come into o])eration. What these growth 
inhibiting factors are, is uncertain. But these relations betw'cen temperature 
and growth cannot be explained by the Van’t Hoff’s quotient which goes on increas- 
ing as the temperature increases. 

A satisfactory formula for the growth index is in the form : — 

pgr 

(e« + # 

where p, q, r, are constants, t is the temperature in ®C and e is the base of Napierian 
logarithxn. In the above equation the numerator stands for growth stimulating 
factor while the denominator represeuits the growth inhibiting factor. The equation 
is solved in the light of the data published by Lehenbaur and the values of the 
constants are found out. They are : — p - 1681.0 ; q 1118.S ; and r 0.24. 
Using these constants a table has been prepared by the present author (1966) to 
enable one to compute the growth indices for any temperature in the range 0° to 
60®C. 

The monthly prec^ipitation (P) of a station when divided by the growth index 
corresponding to the mean monthly temperature of that station and multiplied 
by 100 (to save the inconvenience of fractions) gives what is called the “monthly 
effective growth index” and its summation for all the months of the year gives 
what is termed as the “Effective Growth Index” and is represented symbolically 
as E.G. 

The formula for getting the “Effective Growth Index” is : — 

EQ ^ vN 100(P)[cO-2^« 4. 1118.812 ] 

' • ) (i68r.b)(1118.8)(0r24)(c«-2«fi„ 

This formula was first of all applied to study the arid and semi-arid regions 
of India and vicinity. The E.O, was calculated for sixty stations in and around 
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our arid and semi-arid regions. These stations had temperature and precipitation 
records extending over a period of 30 years or more. The computed effective 
growth indices were plotted on a map of scale 1 : 5,000,000 and the E.G. isopleths 
were drawn. Through the study of vegetation, soil arjd landscafxi it was found 
that if the EXL of a station falls between 0 and 20 its climate is arid, while, if it lies 
between 20 and 40, it is of the semi-arid type (See Map I, reduced copy of the 
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Examples of computation for five stations of the arid type and five of the 
semi^arid type are given in Table I. 
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Introduction 

Although other t 3 rpes of vegetation have been stiidie.d in this country to 
some extent, the study of the marshes and swamps has not attracted much atten- 
tion from botanists. There is no account of this t 3 r|)e in Champion’s survey (1938). 
This type is of great interest botanically, besifles possessing possibilities of their 
being put to some economic uses, Typha, Trapa, Nelumho, and several grasses 
that are of considerable economic use occur in moist habitat. It was, therefore, 
considered necessary to make a study of this type of vegetation in our normal 
exploration work. 

There arc several areas in the Poona district, which receive a heavy rainfall 
but on account of the porous nature of the soil, ordinarily water does not collect 
and, therefore, large marshy or swampy areas do not exist in this district. In 
some places due to seepage of water from canals or the collection of water in low 
places swamps'* are (ireated. Some of these dry up soon after the rains, btit here 
and there permanent marshes and swamps are met with. The vegetation of these 
is described in this paper. The study was made according to the method sugges- 
ted by Misra and Puri (1956). 

Location ok the marshy and swampy habitats 

On acicount of the reason explained above, marshes and swamps arc not 
restricted to any particular areas or places. The studies were therefore conducted 
over a number of places scattered all over the district in different seasons, 

1. Viitkahvadi: Vitthalwadi is a small village famous for the temple of 
‘Vitthar or ‘Pandurang’, and it is situated at a distance of 6 miles from Poona 
on Poona-Sinhagad road. Near the 5th mile along the road, marshy areas are 
formed over the first and second terrace of the river Mutha. The marshes are 
formed by the seepage of water from the Khadakwasla canal running almost 
parallel to the road. There are marshy places along the river as well (Fig. 1). The 
soil is very shallow in most of the places and the marshes are restricted to small 
patches. 

2. Sholapur Road (Kunjarwadi) : Along the Poona-Sholapur road, near 
the village Kunjarwadi, there is a marsh spread over a considerably large area. 
The water comes mostly from the canal, but a small amount of drainage water 
might be coming from the nearabout fields. The soil is deep black, clayey and 
mixed with a small amount of sand and gravel. 11 quadrats of 1/3 meter sq. were 
studied from this area. 

3. Sholapur Road (Saizpur) : At the foot of a hillock, 21.6 miles from 
Poona along Poona-Sholapur Roacl is a small pool, which is surrounded by marshy 
vegetation. This marsh is restricted to a small area, and in all probability, it 
is only a seasonal marsh. 14 quadrats of 1/3 meter square Were observed and 
recorded. 
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4. Bliomri : A fairly large swamp is met with along Bhosari lake, 5 miles 
from Kirkoc on Pooria-Nasik Uoarl (Fig. 2). This is luitnrally a permanent swamp, 
and some parts of it form a water-logged condition. Tiie soil is sticky, black and 
deep. Number of quadi'ats studied from this area was 10. 

5. Poona-Naslk Road : About 4.2 miles from Kirkee, where Poona-Nasik 
road and the projiosed railway line (toss each other, one can see a dense Typka 
community growing in a sw^amp. Tlie swamp is formed due to a water stream 
originating just nearby. 10 (juadrats of 1/3 meter scpiare were studied. 

6. (Uf or wadi : Just by the side of Ghorwadi JIailway Station (about 20 
miles from Poona, Bombay-Poona Kailway Line), marshy type of vegetation is 
thriving along small pools. The soil is shallow, brownish and somewhat sticky, 
and the marshes dry u]) in summer. 

7. Tahgana : A large and old lake is situated at Talegaon (Dabhade), 
on the border of whicli small pat(*hes of marsJies are formed. 10 ((uadrats of 1 /3 
meter square were studied l)otli at (jlioiwadi and at Talegaon. 

General desc.^riptton of vegetation 

The marsh and swamp vegetation is formed of a number of communities, 
among which communities of Typha, Asieracatdhn, (Wsiilia, Cyperus, and grasses 
are prominent. In tlie Typhn community, other plants are normally not present, 
but the grass (iommunities are usually mixed. Communities of A^Htvracantha^ 
Caesidia, Cypnw^ etc., may be pure or mixed. 

The (lata for the communities from the various places metdioned above are 
summarized in Table 1, and detailed des(u*i])tions of communities are given 
separately. 

1. Fimbriaiylis-Cypertis (bmmunily 

This community (Fig, 3) is formed mainly by two S7)ecies of the ('ypvutcvac, 
namely Fivdjristylis diphyUa Vahl whi(Ji occurs in 53.0 per c(‘nt of tlu^ (piadrats and 
Cyperus ylohosuH All. which has a percentage octairremte of 35.4. Fimhrldylis 
diphylla Vahl is dominant both in distribution as well as in height, reaching upto 
60 cms.; while the maximum height of (Ujpvrus ylohosus All. is 50 vnm. The third 
important element of the community is FmhriKtylis woodrowii Clke., having the 
percentage occurrence of 23.5, and ocaairring in almost all the i)arts of tlm commu- 
nity. It is a low glabrous slender herb, hardly j’eacJiing upto 12 cms. Other 
plants whidi are present only frecpiently are as follows : — 


Af^icramniba longifolia Nees. 

12 

per 

cent. 

Vaesulla axillaris K, 

23.5 

per 

cent. 

Cyperus kucocephalm Retz. 

12 

per 

cent. 

JIabenaria marginata Coleb. 

12 

per 

cent. 

Hcylandia latebrosa DC. 

6 

per 

cent. 

Sopuhia delphinifolia Don. 

10 

per 

cent. 

Leucas linifolia Spr. 

6 

per 

cent. 

Utricularia sp. 

6 

per 

cent. 


2. Typha^-Asteramnilm community 

This community is met with in good marshy places with clayey soil and is 
composed of Typha angustata Bory and Asteracaniha longifolia Nees ; the per- 
centage number of quadrats in which they occur being 90 and SO, respectively. 
In the 10 quadrats of 1 /3 meter square each which were studied from this parti- 
cular community, the total number of Typhu plants was found to be 30, while 
that of Asteracaniha was 27. But the Typha is so prominent, that at first sight, 



& Maha.iam. 
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Fir. I. iMnishy places aloii^^ iJia AJuthu. Hivta* at X'itthalwadi. 

2, Htiosairi Lako alori^jj Pooiui-NjiHik Koarl. 

Fig. :{. (Mosa-up of Frltnhri,stiilis-(\(fj)frus i-otinnuriity at Vitthalwadi. 
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the community appears to be a pure Typki community. It is a robust plant, the 
height of which is generally between 1| and 3^ meters. Other two species occurr- 
ing in considerable frequency but with inconspicuous appearance are IHgitaria 
roylemui and Cyperus fmeus, their percentage number of quadrats being 50 and 
30, respecjtively. Such communities are not common, and the authors have come 
across oidy one large community along Poona-Nasik road at about the 4th mile 
from Kirkee. The main reason for this rarity is that Typha requires good alluvial 
soil of considerable depth, and plenty of water. 

3. Gaesulia axillaris communily 

Almost pure communities of Gaesulia axillaris R. are found in small shallow 
pools and water-logged areas. It is a succulent erect or suberect herb, 15 to 
45 erns. high. The dowers are pale-blue or white and they are borne in sessile, 
axillary heads. In all 14 quadrats of 1/3 meter square were studied and the total 
number of plants was 95. The percentage number of quadrats in which the 
species occ;ur is 84. This (‘ommunity is generally restricted to small areas in which 
stagnant water is available (Fig. 4). 

4, Astcracantha-GaesuUa community 

Asieramniha^ longifolia Nees . — Gaesulia axillaris, R. community (Fig. 5) 
is found more frcMjuently than pure communities of each of the two spedes. The 
percentage; occurrence of the two sj)ecies is nearly the same i.e., 70. Two other 
species occurring in this community are Gyperus leucocephalus (20 per cent) and 
Apluda varia (10 percent), and they are generally present along the borders of the 
conitminity. Asieracanfha longifolia is a stout spiny liorb with usually unbranched 
erect stems 20 cms. to 100 cms. high. It ean survive in comparatively drier areas 
for a longer time ; so, after the monsoon is over, it naturally dominates Gaesulia 
axilhiris, Asteravantha — Gaesulia (;ommiinity is extremely variable, ranging from 
pure (;omniunity of these two species to a mixed community in which more than 
a dozen species occur in a good percentage. At Bhosari, for example, we have 
studied a (;oinmunitv in which both Gaesulia and Asieracaniha are 40 per cent, and 
in addition arc the following species with their respective percentage occurrences : — 


Acanthos 2 }ermum hispidum^ DC. 20 

Andropogo7i pumilus Roxb. 10 

Aclnjranihes as 2 )era Linn. 30 

Gymbopogon 7nartini Stapf. 10 

Gyperus eleusmoides Kunth. 20 

Gyperus globosus All. 10 

Gyperus leucocephalus Retz. 10 

Gyperus nutans Vahl. 10 

Fimhristylis aestivalis Vahl. 30 

Fmhristylis diphylla Vahl. 20 

Isachne australis B.Rr. 20 

Sopuhia delphinifolia G.Don. 10 


5. Gaesulia axillaris — Eleocharis capitata community 

This is a variable mixed community in which a number of other species are 
frequently present. The percentage occurrence of Gaemlia and Eleocharis is 
36.4 and 33 respectively. A good number of species belonging to Cyperaceae are 
present in this community ; and the dominance of Cyperaceae over Gaesulia is 
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Table I 


Cimrt showing t?ie percentage number of quadrats 


Locality ; 

Vithalwadi 

5.2 miles from 
Poona. 

Sholapur Road 
Kunjarwadi 

14.3 miles from 
Poona. 

Sholapur Road 
Saizpur 

21.6 miles from 
Poona. 

Condition of tho soil : 

Marshy area, 
shallow sticky 

Marshy area, 
deep black soil 

Marshy area, 
shallow sticky 



brownish soil. 

mixed with sand 
and gravel. 

block soil, small 
amount of sand 
and humus. 

Other features : 

Seepage water 

Mostly soex^age 

Small pool, 


comes from tho 

water from 

marshy place 


canal (Khadak- 

canal. Small 

restricted to a 


wasla canal.) 

amoimt of drain- 
age water. 

small area. 

Number of quadrats 

17 quadrats 

11 quadrats 

14 quadrats 

studied and their 

1 meter 

1 /3 motor 

1 /3 meter 

size 

square each 

square each 

square each 

Name of the species: 


Percentage number of quadrats 

AcanthoapermMm hispidum DC. 

— 

— 

— 

Achyranthes aspera Linn. 

— 

— 

— 

Andropogon pumilus Roxb. 

— 

— 

— 

Apluda varia Hack. 

, 

9 



Asteracaniha longifolia Noes. 

12 

— 

— 

Caesulia axillaris R. 

23.5 

36.4 

84 

Chloris harbata Sw. 






Cyanoiis fa^ciculata Schult. 

17.7 

— 

— 

Cymbopogon ynariini Stapf. 

— 

— 

— 

Cy perns ehusin aides Kunth. 



18 



Cyperus fuscus Linn. 

— 

— 

— 

Cyperus ghbosus All. 

35.4 

18 

— 

Cyperus leucocephalus Retz. 

12 

— 

— 

Cyperus nutans Vahl. 

— 

9 

— 

Digitaria royleana Prain. 

— 

— 

— 

Eleocharis capitata Br. 

■ 

33 



Eragrostis teneUa Beauv. 

— 

— 

— 

Eriocaulon luzulaefolium Mart. 

— 

9 

— 

Fimbristylis aestivalis Vahl. 

— 

9 

— 

Fimbristylis diphylla Vahl. 

53 

— 

— 

Fimbristylis monostachya Hassk. 

— 

18 

— 

Fimbristylis spatfmcea Roth. 



18 

— 

Fimbristylis woodrowii Clke, 

23.6 

— 

— 

Babenaria marginata Coleb. 

12 

- — 

— 

Heylandia latebrosa DC. 

6 

— . 

— 

Beteropogon contortus Room. 

— 

— 

— 

Isachne australis R.Br. 

— 

— 

— 

Leucas linifolia Spreng. 

6 

— 

— 

Portulaca sp. 

17.7 

— 

— 

Sopubia delphinifolia G.Don. 

10 

— - 

— 

Typha angustata Bory, 


— 

— 

Vtricularia sp. 

6 
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Table I {contd.) 


in which the apeciea occur in the varioua 

loccUitiea 



Bhoaari 

5 miles from 
Kirktx> on 
Poona-Nasik 
Road. 

Poona-Naaik Road 
4.2 miles from 
Kirkeo. 

Talegaon 

Near Ghorwadi 
Station. 

Talegaon 

Near the lake. 

Poona-Naaik Road 

3 miles from 

Poona. 

Marshy area, 
deep sticky 
black soil. 

Marshy area, 
deep sticky 
brownish soil. 

Marshy ar«>a, 
deep brownish 
gravelly soil. 

Marshy area, 
shallow sticky 
and sandy soil. 

Marshy aroa, 
brownish gravelly 
soil. 


Marsh along a 

Marshy area 

Small pools. 

A largo lake. 

Small patches 

lake. Largo 

along a water 


Small patches of 

near shallow 

area. 

stream . 


marshy area 
along the lake. 

pools. 

10 quadrats 

10 quadrats 

10 quadrats 

10 quadrats 

10 quadrats 

1 /3 metor 

1 /3 meter 

1 /3 meter 

1 /3 meter 

1/3 meter 

square each 

square each 

square each 

square each 

square each 

in which the apccicft occur : — 




20 

30 

~~ 

— — 




10 

— 

— 

— 

90 

- 



10 

10 


40 

80 

70 

20 

20 

40 

10 

20 

10 

— 

70 

30 

60 

30 

— 

— 

20 

10 

10 

20 

— 

20 

— 

— 

50 

— 

20 

20 

— 

30 

20 

— 

-- 

30 

20 

20 

— 

— 

— 

60 


10 — 10 20 


90 
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well-marked. The following other species were observed in marshy area at Shola- 
pur Road : — 

1. C^jperuH ghhoHUH M\, 18 percent. 

2. FirnbriMylis rmnoniachya Hassk. 18 per cent. 

3. Fimbristylis aestivalis Vahl. 6 per cent. 

4. Fimbristylis spaihmea Roth. 18 per cent. 

5. (Ujjjeriis nutans Vahl. 9 per cent. 

6. Cyperus eleusinouks Kunth. 18 per cent. 

Besides these, grass namely Apluda varia and Eriocaulon luzulaefolimn 
occur in small percentage. 

6. A ndropogon — (Ja,vsulia — Heleropogon community 

The locality in which this community was studied is not stri(;tly marshy or 
swam|)y. In some places near pools, it may attain marshy conditions ; but the 
major part is just a moist grassland. 

Andropogon piimilas is the most abundant and dominant feature in the 
vegetation, being present in 90 per cent of the total (jiiadrats studied. 

(Jaesiiiia a.cilhms and Heteropogon contortus both occur in the (iommunity 
in 60 per cent of the (piadrats. (Jaesulia axillaris is more abundant in the wetter 
parts, while Heleropogon is prominent in the drier situations. The other species 
occurring in this community are given below with their respecjtive percentages : — 


Asteracxintha longi folia Nees. 20 

Cyperus globosns All. 20 

Fimbristylis aestivalis Vahl. 30 

Fimbristylis monmtachya Hassk. 20 

Sopubia delphinifolia G. Don. 20 


7. Ipomm aqmlica Forsk. community 

In the shallow water and moist mud along the border of Bhosari lake (J^oona- 
Nasik Road) extensive patches of Ipofnea community are present. The plant is 
a runner forming a dense network of branciies. It grows only in shallow water 
and where enough amount of soil is present. 
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Abstract 

Five rtiagoB in the clovolopmont of the nkull and the adult skull have boon described by 
using modern nomenclature as adopted by de Boor (1937). 

The oi'igin of some of the disputed bones of the siluroid skull has been traced and dis- 
cussed in the paper. The maxillae and premaxillao are seen to develop fairly early during 
the dovolopmont i.o., 8 mm. and 12 mm. larvae respectively. The ethmoid bone which arises 
as a ])ei‘i chondral ossitioation of the lamina procorebralis of the chondrocranium possesses mem- 
liranous extensions but no separate membrane ossifications co-ossifying with it. The bone 
develops in the 29 mm. stage. The nasals which develop in the 33 mm. stage arise as membrane 
bones surrounding the anterior ends of the su})raorbital sensory canals. 

In the 19 mm. stage the iiarasphonoid and the frontals develop as membrane bones and 
the prootic, supraoccipital, basi-occipital and quadrate develop as perichondral ossifications. 
The supraoccipital bone whicdi arises as a single centre of ossification from the tectum synotioum 
extends laterally and anteriorly. A parietal ossification is never noticed and the supraoccipital 
OBHifi(iation extends t o the region of the parietals. 

The angular and dontary bones arise in the 19 mm. stage around Meckel’s cartilage and 
no part of Meckel’s cartilage is invaded by any ossification in any stage of development, 
Sploiiial bone is al)sent. In the 21 mm. stage the exoccipital, lateral ethmoids, sphenotics 
and f)t<>roti<’-s with the supra temporal extension develop as perichondral ossifications. A 
j)ost/temporal aroiuid the sensory canal is also seen to develop in this st/Uge. The lateral 
etlimoids have ventral oxtonsidns whi(^h are comiocted with the orbitosphonoids. In the 
33 mm. stage the plourosphonoids, orbitosphonoids, hyomandibidae, motapterygoids and pala- 
tines are d(»velopo(i as perichondral ossifications. The other bones that develop in membrane 
in this stage are the prevomer, supraorbitals, nasals, oporcles, prooj)orcle8 and interopercles. 
The orbitosphonoids aro seen to tlovolop as paired perichondral ossifications in the 33 mm. 
stage and in tho 49 mm. stage the two ossifications fuse to form a median bone. The inter- 
temporal bones and suborbitals ai-e seen to develop last in the series of tho bones. Tho parietals, 
opisthotics, ojjiotics, symplectics, suboperclos and basisphonoid bones are absent. 

Tho lateral lint) system and the hyobranchial skeleton are described. In tho branchial 
arches there art) the second and third basibranchs. The pharyngobranchs of third and fourth 
arches aro separate. The opibranchs of all tho four arches are distinct. Tho hypobranches 
of third and fourth artjhos aro roprosentod by cartilage. The urohyal (parahyoid) is a largo 
bone having a pair of long pointed lateral processes. 


Introduction 

In an earlier papt^r (Srinivasachar, 19576) the development of chondrocranium 
has been completely described in Heteropneustes and in this paper an attempt has 
been made to describe the development of the ostcocranium with a view to find 
out the origin of some of the disputed bones of the siluroid skull. Kindred (1919) 
has given a detailed account of tho various bones of skull in Amiuras. Earlier 
McMurrich (1884) and Herrick (1901) have described the topographical relations 
of the cranial bones of the adult Amiurus. More recently Bhimachar (1933) has 
given an account of the morphology of the skull of certain Indian siluroids. David 
(1935, 1936) has described the skull of the African members of the siluroid families 
Calariidae and Bagridae and also has figured the dorsal aspect of the skull of 
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Saccobranchus fosMis, In all these cases it appears that the nomenclature of the 
bones is not in conformity with the development of the different bones. I have 
used in my description of the skull as far as possible the nomenclature adopted 
by de Beer (1937). 


Material and Methods 

The material presented in this paper consists of a number of developing stages 
and adults of Heteropneustes collected round about Bangalore and Trivandrum. 
Some of the early stages were reared in the laboratory. Alizarin transparencies 
were made for both the developing larvae and adults in order to study the centres 
of ossifications and also the topography of various bones of the skull. In certain 
oases slightly higher percentage of KOH was used in order to disarticulate the 
bones to study the individual bones in relation to the neighbouring ones. Differ- 
ential staining of bones and cartilages was also used in some early stages to study 
the cartilage and membrane bones. The following stages have been studied in 
the development of skull in HeteropneuMtH, 


Stage 

Total-length 

Head-lengtli 

Komarks 

1. 

19.0 mm. 

3.6 mm. 

Differential 

staining. 

2. 

21.0 mm. 

4.0 mm. 

Alizarin. 

3. 

29.0 mm. 

5.0 mm. 

Alizarin. 

4. 

33.0 mm. 

6.5 mm. 

Alizarin. 

6 . 

49.0 mm. 

9.0 mm. 

Alizarin. 

6. 

Adult 210.0 mm. 

33.0 mm. 

Alizarin. 


Adult skull of Clarias batrachm was also studit'd for tlie sake of comparison. 

Observations 

The adult skull of Heieropnemtes is well ossified and compacit, showing dorso- 
ventral compression. It also shows pitted appearance on the dorsal surfac^e. Tlu^ 
sutures separating the various bones are very clear and prominent. In the adult 
skull very little cartilage remains unossified and practically the cranium is free 
from cartilage. The large fontanelle noticed in the chondrocranium (Srinivasachar, 
19576) is almost completely closed except for a small anterior one between the 
frontals and a posterior one in the supraoccipital bone. 

I shall now describe the skull in the following order. 

A. The cranium 

1. Ethmoid region. 

2. Orbitotemporal region, 

3. Auditory region. 

4. Occipital region. 

B. The jam and hyobranchial skeleton 

1. Upper jaw. 

2. Lower jaw. 

3. Hyoid arch. 

4. Branchial arches. 
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A. The cranium, 

1. The ethmoid region: The ethmoid region in the adult skull is formed 
by a median ethmoid bone and paired lateral ethmoids with dorsal nasals and 
ventral prevomer bones. 

The ethmoid hone (Text-figs. 3, 4, 6, 7 and 9a, ETH) : The ethmoid bone forms 
the anterior terminal bone of the cranium. It is flat dorsally and anteriorly shows 
a pair of processes which can bo recognised as the pre-ethmoid cornua. These 
cornua are quite evident in the chondrocranium (Srinivasachar, 19576). The 
ethmoid ossification is seen as perichondral lamella of the lamina precerebralis in 
a cliondrocranium of the 29 mm. stage and in the 33 mm. stage, the bone is almost 
completely ossified. I have not been able to see any separate membranous ossi- 
fication associated with the perichondral ossification. Hence, 1 prefer to designate 
the bone as merely an ethmoid bone. This bone has been variously called by 
diflferemt authors without regard to the significance of the terminology used. 
Kindred (1919) described the bone as supraethmoid as done by Allis (1910) in 
Loricati. Anteriorly the ethmoid cornua extend over the premaxillae with which 
they are not connected. 1’he ethmoid is connected by means of sutures laterally 
and ventrally with the lateral ethmoids and posteriorly with the frontals and it 
forms almost the anterior boundary of the anterior fontanelle. 

The. lateral ethmoids (Text-figs. 1, 3, 4, 6, 7 and 9a, LET) : The bone is deve- 
loped in the region of the lamina orbitonasalis and the ossification is seen in the 
21 mm. larva in the form of a small oval piece on the dorsal side of the lamina 
orbitonasalis. The bone therefore arises first as a perichondral ossification and 
in the adult skull each lateral ethmoid is a large bone having a prominent ventral 
process. It forms the posterior boundry for the nasal fossa. Dorsally the lateral 
ethmoid articulates with the ethmoid, mesially with the frontal and posteriorly 
with the supraorbital and frontal bones. The ventral process of the lateral ethmoid 
is connected by a piece of cartilage with the orbitosphenoid posteriorly and anteriorly 
with the ethmoid. Kindred (1919) described this bone as the ectethmoid in 
Amiurus, Both the olfactory nerve and superficialis branches of the trigeminal 
nerve pRkSS through foramina in the lateral ethmoid ventrally. 

The 'nasals (Text-figs. 3, 4, and 6, NS) : These bones are developed on the 
dorsal side of the nasal fossae around the anterior end of the supraorbital sensory 
canal in the 33 mm. stage. Each nasal bone is in the form of a tube having anterior 
and posterior openings and forms a sort of incomplete roof for the nasal capsule. 
Dorsally the nasal bone is almost isolated from other bones but the sensory canal 
passes from the posterior tip of the bone through a piece of connective tissue into 
the frontal. The nasals of Heteropneustes resemble to a large extent those of 
Cyprinoids (Rarnaswami, 1955). But nasals of the Characinidae (Sagemehl, 1885) 
are more like those in Amia (Segemehl, 1884) where the bone comes in contact 
with the ethmoid cartilage. In Clarias (George, 1954) the nasal is a flat bone 
fitting laterally into a groove in the ethmoid bone. 

The prevomcr (Text-figs. 4, 7 and 9a, PO) : The prevomer arises as an unpaired 
bone on the ventral surface of the anterior region of the skull. The bone is observed 
to develop in the 33 mm. stage behind the ventral extension of the ethmoid bone 
and in this stage the prevomerine teeth are still lacking. The median process of 
the prevomer in the above stage is very short. The teeth appear to develop in 
later stages independently of the bone. In the adult skull the prevomer is in 
the form of a T-shaped bone having a pair of prominent patches of teeth on the 
horizontal portion of the bone. The teeth are all of uniform shape and size. The 
vertical portion of the bone tapers posteriorly and fits into the anterior forked 
portion of the parasphenoid bone. Anteriorly the prevomer does not articulate 
with the premaxillaries. 

2. T'he orbitotemporal region : The region behind the orbit can be recognised 
as the sphenoid region. On the dorsal side there are a pair each of large frontals 
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and siipraorbitals with the sub-orbital series of bones and ventrally are present 
the parasphenoid, orbitosphenoids and pleurosphenoids. 

The frontals (Text-figs. 1, 2, 3, 4, 6, 7 and 9a, FR) : The frontals are large 
bones arranged on either side of the mid-dorsal line of the skull. The frontal 
ossification is first seen in the 19 mm. larva forming a roof over the largo fontanelle 
of the chondrocranium. The frontal ossifications in the 19 mm. and 21 mm. stages 
extend mesially in the form of tubular extension around the sensory canal at about 
the middle region of the chondrocranium and the ossifications arc separated by 
a thin suture. Anteriorly the ossification extends to the level of the lamina orbito- 
nasalis of the chondrocranium around the anterior extension of the supraorbital 
sensory canal. These ossifications are posteriorly separated from the ossification 
of the supraoccipital bone. In the 33 mm. stage the frontal ossification extends 
both anteriorly and posteriorly and the positions around the commissural sensory 
canal have also broadened thus dividing the dorsal fontanelle into an anterior 
broad and a posterior narrow fontanelle. The two frontal ossifications do not 
meet anteriorly in front of the anterior fontanelle at this stage. In the adult skulls 
the frontals are largo fiat bones with a small anterior fontanelle between them. 
Anteriorly they are connected suturally with the median and lateral eth molds, 
laterally with the supraorbital and sphenotic bones and posteriorly witli the ])ter()tic 
and supraoccipital bones. Each frontal bone extends niesiov^ontrally and is v.ou- 
nected by sutures with the orbitosphenoid and plourospheaoid of its side. 

The parmphenoid (Text-figs. 1, 2, 3, 4, 7 and 9a, PAS) : This hone is a long 
flat bone extending on the ventral surface of the cranium. In the 19 and 21 mm. 
stages the parasphenoid ossification is seen ventral to the hyj)ophysial fenestra 
of the chondrocranium. Anteriorly the ossification is round in sha})c and extends 
as far as the posterior end of the lamina precerebralis. In the middle rcjgion, the 
ossification extends as lateral processes and posteriorly ta])ers between the two 
prootic ossifications. In the 33 mm. larva the anterior end ol’ tlio ])arasph(moid 
ossification shows a forked appearance and into this is fitted the ])osteri()r end of 
the prevomer. In the adult skull, the parasphenoid forms an almost ventral floor 
for the brain case and extends from the ethmoid to the posterior basiocc‘ipitHl bon(\ 
Jn the region of the optic foramen, the parasphenoid ON crlies the median portion 
of the orbitosphenoid bone. The middle portion of the parasphenoid possesses 
a pair of lateral pointed (jxtensions whic;h fornj the anterior boundary for the tri- 
geminofacial foran)en. Tlie posterior end of the bone extends into the forked 
portion of the basioccipital bone. 

The orbitosphenoid (Text-figs. 3, 4, 7 and 9a, OS) : It is an unpaired bone 
in the adult skull. However, it arises in the 33 mm. stage as paired perichondral 
ossifications in the prcoptic roots of the orbital cartilages on either side of the 
anterior ends of the parasphenoid ossification. These paired ossifications are 
noticed behind the lateral ethmoids and in front of the optic foramen (Figs. 7, 9a, 11). 
As development advances the perichondral ossification extends in the membrane 
across the anterior part of the hypophysial fenestra and fuses with the fellow of 
the opposite side to form a median bone dorsal to the parasphenoid bone. In 
the adult skull, the orbitosphenoid is a large bone attached ventrally by its median 
portion with the parasphenoid bone. The bone has laterally a pair of large pro- 
cessus which forms the side wall of the anterior part of the cranial cavity. Anteriorly 
these lateral portions of the orbitosphenoid are attached to the ventral extension 
of the lateral ethmoid, dorsally with the frontals and posteriorly with the pleuro- 
sphenoid bones. 

A basisphenoid (suprasphenoid) bone is completely absent. 

The pleurosphenoids (Text-figs. 4, 7 and 9a, PLS) : These are paired bones 
in the adult skull and in the 33 mm. stage the bones arise partly as perichondral 
ossification in the orbital cartilage and partly in the membrane of the side wall 
of the cranial cavity in front of the exit of the trigeminal nerve. Posteriorly these 
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ossifications are suturally connected with the lateral extensions of the parasphenoid 
bone. In the adult skull the pleurospherioids are flat bones slightly bulged in 
the middle extending between the optic and trigeminal foramina. These bones 
form the skle wall for the cranial cavity posterior to the orbitosphenoids. They 
are (connected anteriorly with the orbitosphenoids, posteriorly with the lateral 
extensions of the parasphenoid and laterally with the sphenotic bones. 

A myodomc for insertion of the recti muscles is absent in HeteropneMsies as in 
other siluroids. 

The su'praorhitals (Test-figs. 3, 4, fi and 7, SUO) : The bone arises for the 
first time in the 33 mm. stage in a membrane behind the orbit and anterior to the 
s])henotic ossification, surrounding the sensory canal branch given off from the 
sii])j’aorbital sensory canal. In the adult skull the supraorbital bone forms the 
dorsal boundary for the orbit and is (ionnected by sutures anteriorly with the 
lateral ethmoid, laterally with the frontal and posteriorly with the sphenotic and 
intertemporal bones, 

Tha ,vthorhilah (Text-figs. 6, 7, AOR, LAC, SOI , S02) : This series consists 
of a (ihain of four bones forming the lower boundary of the orbit. None of them 
has aj)peare(l in the develo})ing stages described. They appear to develop late 
in ontogeny around the suborbital sensory canal which continues from the supra- 
orbital bone. The anterior of the four bones is a small oval piece lying in the 
connective tissue in the posterior part of the maxillary bone and could be designated 
as the antorbital (AOTi) bone. Posterior to this antorbital bone is another one 
which is probably a lacrimal (LAO) in whicJi the sensory canal ends, and the other 
two bones of the chain are large dorso-ventrally compressed ones and may be called 
the suborbitals (SOI and 802). 

3. The auditory region : In the adult skull this region is formed by the 
prootics, splienoticis, pterotics and associated with these are the intertemporal 
bones. The latter bones are completely excluded from the auditory capsules. 

The prooiicH : (Text-figs. 1, 2, 3, 4, 0, 7 and 9a, PRO): These bones are 
fairly large ones forjuing the fioor and the lateral wall of the cranial (;avity behind 
the pleurosphenoids and on either side of the median parasphenoid. The prooti(*, 
bones arise as flat perichondral ossifications in the 19 mm. and 21 mm. stages in 
the antc'rior part of the parachordals and ventral portion of the otic capsules behind 
the liypoj)hysial fenestra. Gradually in the 33 inm. larva the prooticj ossifications 
extend inwards to meet the fellow of the opposite side dorsal ly to the posterior 
part of the parasphenoid bone. In the adult skull each prootic extends from the 
trigeminal (Text-figs. 7, 9a, V) to the glossopharyngeal foramina (IX). The bone 
has an irregular outline and is not pierced by any nerve or blood vessel. Anteriorly 
the prootic bone is comuM^ted by dovetails with the parasphenoid, laterally it is 
firmly connected with ventral extensions of the sphenotic and pterotic, and pos- 
teromesially with the exoccipital bones. Externally the bone is smooth and 
internally accommodates the otolith (Text-fig. 7, OT) which is visible through 
the bone. 

The uphenotics (Text-figs. 3, 4, 6, 7 and 9a, SPH) : These are situated in the 
postero-lateral region of the frontal bones. They appear comparatively to be 
small bones. In the 21 mm. stage the bones are seen as perichondral ossification 
in the region of the anterior semicircular canal of the auditory capsule. In the 
33 mm. stage the ossification extends to the frontal anteriorly, to the pterotic 
posteriorly and to tlie prootics ventrally. In the adult skull the sphenotic shows 
a ventral extension forming a sort of anterior boundary for the auditory capsule. 
The facial foramen (Text-figs. 7, 9a, VII) is noticed between the ventral extension 
of the sphenotic and prootic bones. 

The pterotics (Text-figs. 3, 4, 6, 7 and 9a, PTO) : These bones are situated 
on either side of the median supraoccipital and are posterior to the sphenotic bones. 
In the 21 mm. larva the pterotics appear as perichondral ossifications in the region 

2 
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of the posterior seDiicircular canal and dorsal to each perichondral ossification is 
seen a membranous ossification around the sensory canal, probably of the supra- 
temporal co-ossifying with it. I have not been able to see an independent ossifica- 
tion of the supratemporal but it appears to develop along with the perichondral 
ossification. I have therefore not given a compound name to the pterotic bone. 
Further development of the'. boj)e is seen in the 33 mm. stage when dorsally the 
pterotic bone meets anteriorly the sphenotic and posteriorly the post-temporal. 
In the adult skull the ])ter()tic bone is an extensive bone surrounded by the sphenotic, 
intertemporal, })ost-tcmporal and supraoccipital bone. Ventrally the pterotic 
has an (extension forming the posterior and lateral portion of the auditory capsule 
probably taking the place of the opisthotic bone. 

The epioti(^ and opisthotic bones are absent in Ueterojmeiistes, 

The inicrtemporals (Text-figs. 6 and 7, INT) : These have been named by a 
number of previous authors including Gregory (1933) and George (1954), as the 
dermal representative of the sphenotic bone. The intertemporal is not developed 
in any stages earlier than the adult skull. In the adult skull the bone is com- 
])letely excluded from the otic capsule and is found between the supraorbital and 
the posttemporal bones. The intertemporal apj)ear8 to develop outside' the audi- 
tory capsule in the membrane around the sensory canal bi'amh given off from the 
supraorbital sensory canal (Text-figs. 3, fi, SOS) in the pteroti(; bone. It is 
atta(;hed suturally with the postorbital anteriorly, posteriorly with post-temporal 
and laterally with sphenotic and pterotic bones. 

4. Tilt occipital region : This region of the adult skull is formed as in other 
teloosts by four bones ; dorsally by a large supraoccipital, ventrally by the basi- 
ocipital and laterally by a })air of exoc(*ipital bones around the foranmn magnum. 

The mpraoccipital (Text-figs. 1, 3, 0, and 9a, SOO) : The bone is a fairly large 
dorso-median bone forming the posterior end of the adult skull. In the 19 mm. 
and 21 mm. stages the supraocuupital ossification is seen in the region of the tecti 
synoticum and posterius of the chondrocranium and extends anteriorly on either 
side of the postcro-lateral border of the dorsal fontanelle. The ossification extends 
anteriorly to meet the frontals, laterally to meet the supratemporal-pterotic ossifi- 
cations and posteriorly extends as a supraoccipital sjiine. In the 33 mm. stage 
the ossification has further developed anteriorly and have joined thp frontals on 
(‘ither side of a narrow posterior fontanelle, but separated from the ])terotic hy a 
strip of cartilage. The entire supraoccipital bone is formed by a single centre of 
ossifhiation and a separate parietal ossification is not noticed in any of these stages. 
The supraoccipital has extended into the place of the parietal bone. In the adult 
skull the supraoccipital retains a very small posterior portion of the dorsal fontanelle 
in its posterior end. The bone lias a long pointed spine (Text-figs, 6, 7 and 9a, 
SPO) almost equal in length of the entire bone. This spine extends on the dorsal 
surface of the united vertebrae (complex vertebrae). 

The basioccipiUd (Text-figs. 1, 2, 3, 6, 7 and 9a, BOG) : This bone forms the 
posterior end of the cranium on the ventral surface. It arises in the 19 mm. and 
21 mm. stages as an ossification in the posterior part of the parachordal forming 
the floor for the saccular recesses. In these stages and also in the 33 mm. stage 
the bone is almost of a triangular shape and the anterior portion overlaps the 
posterior pointed extension of the parasphenoid bone. Gradually in the adult 
skull the bone becomes extensive and possesses anteriorly a deep wedge into which 
fits the posterior end of the parasphenoid. Antero-laterally, the basioccipital is 
connected suturally with the prootics and postero-laterally with the exoccipitals. 
Internally the bone possesses a cavity for the accommodation of the utriculus 
(Text-fig. 9a, OTU) but externally the bone is smooth. The posterior end of the 
bone articulates with the anterior end of the centrum of the complex vertebrae 
(Test-figs. 1, 2, 3, 6, 7 and 9a, OV). 
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The. post4emporals (Text-figs. 1, 2, 3, 4, 6 and 7, PTM) : These bones pri- 
marily belong to the pectoral girdle. The bone arises in the 21 mm. stage as an 
ossification in the region outside tlie postero-lateral end of the auditory capsule 
of the chondro(jranium and at this stage it is connected with the posterior end of 
the supratcmporal-pterotic ossification. In the 33 mm. stage the ossification 
extends anteriorly and completely becomes connected with the posterior end of 
the pterotic bone. This ossification surrounds the portion of the anterior end 
of the lateral line sensory canal entering the skull. In the adult skull the post- 
temporal bones are firmly attached to the postero-lateral ends of the skull and 
possess posteriorly processes. Ventrally the post-temporal l)one is connected with 
the antero-lateral end of the bony capsule (complex vertebrae). Anteriorly the 
bone is suturally connected with the intertemporal and })terotic bones. 

Lateral line sensory canal : The lateral line sensory canal entering the skull 
passes through the post-temporal bone and extends anteriorly in the supratemporal- 
pterotic bone as tlic temporal sensory canal (Text-figs. 3, 6, T8C). This canal 
gives off the prcopercle-rnandibular sensory canal brancli (Text-figs. 15, 5, (i, VMS) 
in the supratemporal-pterotic bone which passes through the in tor- temporal into 
the preopercle bone. The temporal sensory canal continues anteriorly as the 
supraorbital canal (SOS) in the sphenotic bone and gives off the infraorbital sensory 
canal (Text-figs. 6, SC) which extends into the suborbitals. Further the supra- 
orbital sensory canal passes forwards in the frontal and extends anteriorly into 
the nasal. Tlie two supraorbital canals are connected behind the anterior fonta- 
nelle by means of a commissural sensory canal (COM). 'The suborbital branch 
passes through the suborbitals and in the anterior bone of the chain, tin* 
lacrimal. 

B. The. jaws and the hyohranchial skeUton. 

1 . The upper jaw : In the osteocranium the independent part of the palato- 
(piadratebar or the pterygoid process of the chondrocranium is ossified completely 
without any membranous extension, into a palatine bone (Text-figs. 3, 4, 5 and 
7, PAL). The ])alatine is in the form of a cylindrical rod slightly swollen at the 
ant(u-ior (md and articulates anteriorly with the maxilla. Tlie otlier ossifications 
of the j)alatoquadrate can be (jlearly made out in the 33 mm. stage. The quadrate 
ossification (Text-figs. 5, 8, QU) can be seen in the (juadrate portion of the hyo- 
mandibula of the chondrocranium and associated with it, is a membranous exten- 
sion dorsally (Text-fig. 5, MEQ) and ventrally it articulates with the lower jaw. 
A piece of the original cartilage (Text-fig. 8, CAR) between the ossified hyomandi- 
bula (ilM) and the ossified quadrate is left unossified and persists even in the adult 
skull. Anterior to the quadrate ossification, is the metapterygoid (MFF) which 
is also partly perichondral and partly membranous (Text-fig. 5, MEP) and closely 
attached to the anterior end is another small plate-like bone which is a completely 
membranous ossification. The latter bone probably represents the entoptcrygoid 
bone (ENT). The palatine bone is completely free from the entopterygoid articula- 
tion indicating its original independent chondrification of the chondrocranium. 

An ectopterygoid bone seen in other teleosts is absent in Ilelerojynenstes. 

The premaxillae and maxillae which are in the anterior end of the upper jaw 
arc membrane bones. The premaxillarm : (Text-figs, 1, 2, 3, 4, 6, 7 and 9a, PMX). 
These form the anterior end of the upper jaw on each side. Each premaxilla arises 
in front of the lamina precerebralis of the chondrocranium fairly early in the deve- 
lopment and in the 21 mm. larva the bone is already developed in the form of a 
plate articulating ventrially with the ethmoid cornu of the lamina precerebralis. 
The ventral surface of the bone is covered by teeth which are pointed and of uniform 
size. In the 33 mm. stage the premaxillaries show thin posterior extensions which 
are at this stage poorly ossified. The bones in the adult skull are quite large ones 
with prominent posterior processes which form a sort of osseous floor for the nasal 
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sacs. Ventrally they are connected with the osseous ethmoid cornua of the ethmoid 
bone. Mesially the bones are connected by connective tissue and laterally they 
are connected with the maxilla. 





IMM. 


Text-fig. 5. Outer view of tho loft side of the up})or and lowe^r jaws with opercular bones 
of 33 mm. larva of Heteropneustes fossilis (Bloch). The ptjrichondral ossifications 
are shown as thicker stipled areas. 


Tfe rnaxMlaries (Text-figs. 1 , 2, 3, 4, 6, 7 and 9a, MAX) : The maxillary bone 
is one of the earliest to develop in the osteocraiiium. In the 8 mm. larva the 
maxilla arises as a tiny ossification in front of the pterygoid jnoces^l of the (ihondro- 
craniurn. In the 21 mm. larv^a the maxilla is already well formed postero-laterally 
to the premaxilla on each side. In the 33 mm. stage, when the palatine bone is 
formed the maxilla articulates with it by means of a hollow depression in the anterior 
end of the palatine. In the adult skull each maxilla is a small toothless bone whic^h 
is slightly irregular in shape and supports the maxillary barbel anteriorly. These 
maxillarios form lateral margins of the upper jaw. 

The lower jaw : The lower jaw in the adult skull consists of two halves con- 
nected mesially by a strip of connective tissue. Each half of the lower jaw consists 
of two bones, an anterior dentary (Text-figs. 5, 8, DEN) and a posterior angular 
(ANG) (arti(iular of other authors) which later articulates with tlu^ quadrate. Both 
dentary and angular develop as completely membrane bones around the original 
Meckel’s cartilage of the chondroeranium. No part of the cartilage is invaded 
by ossification during the development. 

The dentary is fairly stout bone, anterior broad and flat and dorso-medially 
it possesses a number of villiform teeth. The angular bone is more or less of tho 
same size as the dentary and has a socket posteriorly for articulation with the qua- 
drate. Mesially the bone shows a depression in which the persisting Meckel’s 
cartilage could be made out. A retroarticular bone seen in other teleosts is absent 
in Heteropnemtes, 

3. The hyoid arch : In the hyoid arch of tho osteocranium, tho hyomandibula 
which was originally fused with the quach-ate in the chondroeranium, is ossified 
independently of the quadrate in the 33 mm. stage. The hyomandibular ossifica- 
tion in this stage is almost complete and possesses membranous extension 
(Text-fig. 5, MEH) dorsally and mesially. Ventrally the hyomandibula has a 
narrow process by which it articulates with the opercle bone (Test-fig., 5, 8, OP). 
The hyomandibula in the adult skull is a large irregular bone and articulates on 
the ventral surface of the sphenotic bone. It possesses laterally a number of ridges 
to which muscles are attached. Mesially a foramen for the exit of the hyomandi- 
bular branch of the facial nerve (Text-fig. 8, PHP) is noticed in the hyomandibula. 







H. R. SRINIVASAOHAR : DEVELOPMEJ^T OF THE SKUI.L IN CATFISHES. V. 181 

It is immovably connecited anteriorly with the quadrate by a piece of cartilage 
and also by sutures and along the ventral border, the preopercle bone is firmly 
attac^hed to it* A symplectic bone is absent. 

The hyoid cornu of the adult skull consists of two pieces of hypoliyals (Text- 
figs. 10, 11, HHl, H1I2), ceratohyal (CH), an epihyal (EP) and a parahyoid (Text- 
fig. 11, PHY) or iirohyal on the mid- ventral side of the two rami of the hyoid cornua. 
Closely associated with hyoid cornua are the branchiostegal rays (BRS). 



Text-fig. 10. Dorsal aspect of the hyobranchial apparatus of the adult Heteropneustcs fossilis 
(Bloch). One sido has boon extended to show the structures clearly. 

The hypohyals : The hjqiohyals on each side consist of the hypohyal anterior 
and hypohyal posterior, which are separated by a piece of unossified cartilage. 
The hy{)ohyals are connected by ligaments with the corresponding bones of the 
other side. The anterior hypohyal is a stout piece, comiected ventrally with the 
ceratohyal by means of sutures. The posterior hypohyal is a smaller triangular 
piece and lies close to the lower side of the ceratohyal. The two hypohyals are 
ossifications in the case of the original h3q)ohyal cartilage which are not demarcated 
from the ceratohyal in the chondrocranium. 

The ceratohyals : Each ceratohyal is a long bone showing a ridge on the 
ventral side and is flattened laterally. Anteriorly the ceratohyal is suturally con- 
nected with the hypohyal anterior and posteriorly it is connected with the epihyal 
by a thick piecje of cartilage. On the ventral side the bone is slightly flat and gives 
attachment to the five branchiostegal rays. 

3 
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The epihyals : Each epihyal is an ossification in the posterior end of the 
ceratohyal cartilage. The bone is a short piece, thick anteriorly and tapering 
j)()steriorly. The dorsal half of the epihyal is continuous with the ceratohyal and 
it is only in the lower half of the dorsal and ventral sides, the ])one is separated 
from the ceratohyal by cartilage. The tapering posterior end of the epihyal is 
connected by a tiny piece of cartilage with the hyomandibula. The ventral side 
of the epihyal gives attachment to the two posterior branchiostegal rays. 

A bony interhyal is absent. In the choiubocraniuin (Srinivasachar, 19576) 
the interhyal which is continuous with the ventral side of the hyomandibula, Con- 
nects th(^ ceratohyal. In the ossified skull the interhyal continues to remain 
cartilaginous connecting tlie epihyal with the hyomandibula. 

The parabyoid : 1'he parahyoid (urohyal) bone is situated in the midventral 
line of the hyoid cornua between the hyj)ohyals of the two sides. The parahyoid 
has no cartilaginous predecessor in the chondrocranium . It is a peculiarly-shaped 
bone connected on the ventral side to the h 3 q)ohyals by means of ligaments. Th(^ 
hone has four rays (arms), an anterior, two lateral and a posterior arms. The 
anterior arm is stout having deep notch and the two portions of it are attached to 
the ventral side of the anterior hypohyals. The two lateral arms are fairly long 
pointed ones and extend ventrally obliquely on the branchiostegal rays attached 
to the ceratohyal. The posterior arm is a narrow portion and is bifid posteriorly- 



Text-fig. 11. Ventral aspect of the hyoid oomua and the parahyoid of the adult Heteropmmtea 
foseilia (Bloch). 
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The brancMostegal rays : There are altogether eight pairs of branchiostegals 
which are long pointed rays attached to the ventral surface of each hyoid cornua. 
Those branchiosts gradually increase in length from the anterior to the posterior 
end. The anterior branchiostegal ray is the smallest and the posterior one is 
the longest of the eight rays. The anterior five branchiostegal rays are attached 
to the ventral surface of the ccratohyal, and the sixth ray is attached to the carti- 
lage separating the ceratohyal from the epihyal. But the seventh and the eighth 
rays are attached to the ventral side of the epihyaL The eighth ray which is the 
longest of the lot is in the form of a large flat bone attached to the mesial side 
of the opercle. 

The branchial arches : There are five bramjhial arches supporting the gills. 
The ]:>ranchial arches are not completely ossified, but the cartilage of the chondro- 
(Taniuni persists in several regions. The median copula 1 (Text-fig. 10, COl) of 
the chondrocranium (Srinivasachar, 19576) shows two pieces of ossification repre- 
senting the basibranchs, one of them between the first and second branchial arches 
and the other between the second and third. The rest of the portions of the 
origijial copula 1 and copula 2 (C02) of the chondrocranium persists as unossified 
cartilages. The first two arches are not complete as they do not possess j)haryngo- 
branchs but the third and fourth arches are also incomplete in the absence of com- 
pletely ossified liypobranchs. The fifth arch as in other teleosts is represented 
by ceratobranchs with patches of inferior pharyngeal teeth (IPL). In connection 
witli the pharyngobranch of the third and fourth arches oval dentigerous patch, 
— the superior pharyngeal teeth (SPL) is noticed. 

The basibranchs : The anterior portion of the original copula 1 of the chondro- 
cranium persists as short piece of cartilage between the posterior ends of tlie hyoid 
cornua and the first branchial arches. The remaining portion of the copula is 
ossifi('d into two pieces of bones, which may be labelled as basibranch 2 and 3 
(Text-fig. 10, BBR2, BBR3) in order to differentiate between the cartilaginous 
and ossified portions. It may be assumed that the anterior cartilaginous piece 
or the copula 1 represents the fused basihyal and the first basibranch. The ossified 
copula represemts the second basibranch. A small piece of original cartilage can 
be made out between the second and third basibranchs. The third basibranch is 
a small hour-glass shaped bone and the third branchial arch arises from the j)Osterior 
end of this basibranch. Posteriorly in line with the third basibranch is a piece of 
cartilage biconcave laterally and is related to the fourth branchial arch. This 
piece of (cartilage is the unossified basibranch of the fourth arch and represents the 
second copula (C02) of the chondrocranium. Slight ossification (CAL) can be 
made out on the ventral compressed side of the cartilaginous second copula. 

The hypobranchs : (Text-fig. 10, HB1-HB4) The hypobranchs of the first 
and second branchial arches are triangular pieces of bones connected with the 
res])ective ceratobranchs by the reminiscent cartilage. The first hypobranch is 
connected with the posterior end of the cartilaginous first copula, whereas the 
second hypobranch is at the postero-lateral end of the ossified second basibranc^h. 
The hy|)obranchs of the third arch are large flat pieces of cartilages showing slight 
ossifications in them. The cartilaginous hypobranchs extend inwards behind the 
third basibranch. The fourth hypobranch is probably represented as a cartila- 
ginous piece with no ossifications and continues posteriorly as the bony fourth 
ceratobranch. The hypobranch arises from the postero-lateral region of the second 
copula. The hypobranchs are not traceable in the fifth branchial arch. 

The ceratobranchs : (Text-fig, 10, CBl— CB5) All the five branchial arches 
show well ossified ceratobranchs. The ceratobranchs of the first three branchial 
arches are fairly long slightly flattened bones, and are connected posteriorly with 
the respective cpibranchs. The ceratobranchs of fourth and fifth arches are almost 
of equal length and the fourth ceratobranch is connected to its epibranch by a 
thick piece of cartilage. The fifth ceratobranch has a thick patch of villiform 



184 H. B. SRINIVASAOHAR : DEVELOPMENT OF THE SKULL TN OATFISHES. V. 


teeth of uniform size on the dorsal aspect forming the inferior ])haryngeal teeth. 
I have not been able to see the actual origin of the teeth. The fiftli ceratobranchs 
are situated in the posterior end of the second copula. 

The epibranchs : (Text-fig. 10, EB1-EB4) The first four brancliial arches 
possess distinct ossified eynbranchs. The epibranchs t»f the first two branchial 
arches are comparatively short bent rod-like bones placed at a?i angle of more or 
less 60° to the respective ceratobranclis. These epibranchs are connected by 
cartilage at the ceratobranchs end while the other end is free of cartilage. The 
third epibranch is a small cylindi'ical bone having a pair of processes posteriorly, 
the lower process extends over the posterior end of the fourth epibranch. The 
upper process is attached to the ceratobranch. The fourth epibranch is a slightly 
curved piece connected to its ceratobranch by a strij) of cartilage. Anteriorly the 
third and fourth epibranchs are connecited to their pharyngobraruilis. 

The pharyngobranchs : (Text-fig. 10, PB The first two branchial arches 
do not have pharyngobranchs as noticed in the early development of the chondro- 
cranium (Srinivasachar, 19576). The third and fourth branchial arches possess 
distinct ossified pharyngobranchs. The third pharyngobrancli is a (;lub shaped 
bone ; the swollen end of the bone is connected to the third epibraru'h by a j)iece 
of cartilage and the narrow portion extends anteriorly. 'Jlie fourth pharyngo- 
branch is a smaller bone situated below the third pharyngobranch. In the cliondro- 
craniurn the third and fourth phar 3 mgobraiichs are represented by a fused pitice 
of cartilage. 

A large oval dentigerous plate, the superior pharyngeal plate is noticed on 
the ventral surface of the third and fourth pharyngobranchs. The dentigerous 
plate appears to develop independently to the pharyngobranchs. The pharyngeal 
plate bears uniform pointed teeth and the plate extends over the epibranchs of the 
third and fourth branchial arches. 

The order of appearance of bones in the osteocranium of J-lHeropyiemtcs is 
as follows. The bones have been arranged according to their origin (cartilage 
or membrane bones). 


Stage 

Type of ossifications 

Perichondral 
ossification 
(Cartilage bonos) 

Membranous 
ossification 
(Membrane bones) 

8 mm. stage 


Maxilla. 

12 mm. stage 


Premaxilla. 

19 mm. stage 

Supraoccipital, Prootic, 
Basiocoipital, Quadrate. 

Parasphenoid, Frontal*, 
Angular*, Dentary*. 

21 mm. stage 

Exoccipital, Latemal 
ethmoid, Sphenotic*, 
Pterotic with supra- 
temporal extension*. 

Posttemporal*. 

29 mm. stage 

Ethmoid. 


33 mm. stage 

Pleurosphenoid, 

Orbi tosphenoid , 
Hyomandibula, 
Metapterygoid, 

Palatine. 

Prevomer, 

Supraorbital*, 

Nasal*, Prooporcle*, 
Interopercle, 

Entopterygoid. 

49 mm, stage and 
the adult skull. 


Intertemporal*, 

Suborbitals*. 


* The bpnee develop in aseooiation with sensory canal, 
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Discussion 

The skull of Heteropneustes as in other catfishes (Gregory, 1933) shows a number 
of specialised features. The roof of the skull is flattened forming a cephalic shield 
which is actually formed by the large supraorbitals, interteinporals, pterotics and 
supratemporals. The skull is further broadened in Heterohranchm (Gregory, 1933) 
and Vlaruis (George, 1954). 

In describing the bones of the ethmoid region of siluroid skull, the nomenclature 
employed is at variance. McMurrich (1884) in describing the skull of Amiums 
called the ethmoid bone a mesethmoid ; later Kindred (1919) after studying the 
development Of the bone in the same fish, employed the term supraethmoid as 
ho was able to sec a dermal and a perichondral ossification, following the nomencla- 
ture of Allis (1910) who described the bone in Loricati. Gregory (1933) in his 
figures of Heterohranchus and Chryskhtkys has labelled the ethmoid bone as the 
dermethmoid and George (1954) has followed the same terminology in Clarias. 
In the development of Heteropne^istes^ I have observed that this bone arises com- 
pletely as a perichondral ossification of the lamina preeercbralis of the chondro- 
cranium (Srinivasachar, 19576) and it is only in later stages (33 mm. and 49 mm. 
stages) that this boiui extends into the surrounding membrane. Hence I prefer 
to designate the bone merely an ethmoid as done by Goodrich (1909) and de Beer 
(1937). However, Bliimachar (1933) in describing the skull of some of the Indian 
catfishes has used the term supraethmoid. In the development of the osteorcranium 
in HekropnvusleH, it has been observed that except the palatine ossification all 
tlie other ])erichondraI ossifications have membranous extensions into the sur- 
rounding membrane. 

The other bones of the ethmoid region in Heteropneustes are the nasals, the 
lateral ethmoid and ventrally the median prevomer. The nasals develop around 
the anterior end of the sensory canal as narrow tubular bones. 'J'hese bones 
resemble more the nasals of Cyprinoids (Ramaswami, 1955) than those of other 
siluroids studied. In Heterohranchus (Gregory, 1933) and Clarias (George, 1954) 
the nasals are small flat bones, but in Silurus (Goodrich, 1909) the nasals are large 
elongated plates, llie lateral ethmoids are variously named in different groups 
of fishes. Sagcrnehl (1891) in Cyprinoids and Characinidae, Goodrich (1909) 
in (Jlarias and Gregory (1933) in Heterohranchus have termed the bone prefrontal 
and the same bone in Amiuru^s (Kindred, 1919) has been designated ectethmoid. 
In Heteropneustes the lateral ethmoid arises as a perichondral ossification in the 
lamina orbitonasalis of the chondrocranium and in the adult skull the bone has a 
large process ventrally which is connected with the antero-lateral extensions of 
the orbitosphenoid by a piece of cartilage. George (1954) does not report a con- 
nection of the lateral ethmoid with the orbitosphenoid in his species of Clarias, 

The T-shaped prevomer carries two patches of teeth separated by a wide gap 
in Heteropneustes, whereas in Clarias (George, 1954) the bone designated as vomer 
is a crescent shaped one having a large patch of teeth ventrally. 

The pleurosphenoids are well developed bones in Heteropneustes occupying 
the position between the optic and trigeminal foramina. These bones are seen 
to develop partly as perichondral ossification in the orbital cartilage and partly 
in membrane. Kindred (1919) has referred to this bone as alisphenoid in Amiurus 
and Bhimachar (1933) also has adopted the same nomenclature in describing the 
Indian catfishes. Both Goodrich (1930) and de Beer (1937) having considered 
the true nature of the alisphenoid have come to the conclusion that this should 
not be called alisphenoid in the vertebrates lower than mammals. A pleurosphenoid 
has not been described in CUrias (George, 1954). 

Kindred (1919) and Bhimachar (1933) have recognised a suprasphenoid (basis- 
phenoid) being fused with parasphenoid dorsally in Amiurvs and other siluroids. 
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Such a bone is not observed in the development of skull of Heterojmeustes and also 
it is absent in Chrias (George, 1954). 

The occurrence of dorsal fontanclles between the frontals and in the siipra- 
occipital appears to be a common features noticed in the skull of Siluroidea. David 
(1935) has used the size of these fontanelles in the classification of the members of 
Clariidae. In Gahichthijfi and Hagre, Merrima?) (1940) described that the fontau(41e 
might probably be meant for the passage of sensory nerves to snout and barbels. 
In HeieropneuMes no nerves are seen to ])aHs through the anterior fontanelle and 
it is covered by a membrane in the adult skull. These fontanelles a})pear to 
represent the remnants of the original large fontanelle of the chondrocranium, which 
has been reduced by the extensive growth of the frojitals anteriorly and supra- 
occipital posteriorly. In (Jlarias (fJeorge^ 1954) has also not been able to see any 
nerves passing through the fontanelle but has observed a foramen in the frontal 
bone througli which passes a nerve to the skin. I have obserxed sut4i foramimi 
in the frontals on either side of the anterior fontanelle for the exit of nerves to the 
skin in Chrias batrachv^H which I have examined for the sake of eom})arison. The 
occurrence of frontoparietal fontanelles has Ix^en observed in largi^ nujjiber of 
carp skulls like Gohiohotia^ Saarogohio, Psvexiogohio and Abhottima (Kamaswami, 
1955), Cyprimus carpio (Sagcrnehl, 1891). Though 8agemelil (\H\)\) rlkl not atta(‘h 
much importance to the presence of the fontanelles Tarar^etz (1938) used the 
presence or absence of the fontanelles in the 0 (*eipital region for dividing tlie gudgeons 
into groups. Ramaswami (1955) is of the opinion that in the bottom dwelling 
forms the fontanelles are necessary for some physiological functions. 

There appears to be much confusion with r(^gard to the nomenclature of bones 
of the otic region : the pterotic has been described by Kindml (1910) {ind Rhiniacliar 
(1933) as a 8quamoso-j)terotic since the bone in Arniurus de.velops by a fusion of a 
perichondral and a membranous ossifications. But these ossifieiations in Awiiiras 
appear to be fused from the start and the membraneus })ai*t of the pterotic bone 
is the supratemporal which is a lateral line canal (component subs(H|uently fusing 
with the primary ossification. In Heieropnenstes also I have Ix ini abh^ to s('e that 
the membranous part (supratemporal) and the perichondral part of jiterotic arises 
as a single ossification from the start : I have therefore called it merely pterotic. 
Bhimachar (1933), however, has noticed the presence of se])arate supratemporal 
in RitUf Pangasius, Macrones, Silundia and Plotosus. In Exocod as (Lasdin, 1913) 
the supratemporal and pterotic develop separately and remain sejiarate. as distinct 
bones, but in Salma (de Beer, 1937) the two bones arise separately but fuse 
later. 

The sphenotic has been referred to by Cuvier (1826) and Parker (1872) as 
postfrontal homologous to the similar bones in reptiles. Ride wood (1904) also 
retained the same name in his studies and similarly Goodrich (1909) has followed 
the same nomenclature in labelling the sphenotics of Chrias, It lias been observed 
in Heteropnemies that the sphenotic is an ossification in the region of the anterior 
semicircular canal of the auditory capsule where the articulation of liyomandibula 
is seen. The intertemporal bone which arises as a membrane bone outside the 
auditory capsule in Heieropnettsks and also probably in Chrias, It has been des- 
cribed as dermosphenotic by George (1954) and in Heterohranckus by Gregory (1933). 
But de Beer (1937) is of the opinion that “there is no reason to think that the 
postfrontal ever was the 'dermal representative’ of the sphenotic ; the postfrontal 
is the uppermost bone of the postorbital series, and it is the intertemporal which 
comes in question as the dermal representative of the sphenotic (p. 498)”. It is 
known that in Dactylopterm (Allis, 1910) and Polyptems (Allis, 1922) the post- 
frontal is fused with the sphenotic. In Osteokpis (Goodrich, 1930) the postfrontal, 
intertemporal and supra-temporal are separately present. Therefore, I have 
used the terms sphenotic and pterotic in describing the cartilage bones of the otic 
region of fishes and the terms intertemporal and supratemporal for the membrane 
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ossification which have been referred to by some as dermsphenotic and dermpterotic 
(squamosal) respectively. 

It has been generally observed that the parietal bones are absent in all the 
siluroids studied. In this connection some authors (Goodrich, 1909 ; de Beer, 1937) 
have doubted whether the pariei-als have fused wdth the supraoccipital. But a 
study of the development of skull in HeAeropneustes has revealed that the supra- 
occipital which arises as a perichondral ossification in the region of tecti synoticum 
and ])()sterius of the chondrocranium, extends into the membrane both anteriorly 
and posteriorly, and separate jjarietal ossification is never observed. It is, there- 
fore, concluded that the supraoccipital alone is developed and it extends to the 
region of the parietals also. 

A supraoccipital spine is (considerably elongated and well developed in Uetero- 
and in (Aarias (George, 1954) the spine is almost absent. The supraorbital 
is a well developed bone iti Heieropveufites as in Ileterohrarichus (Gregory, 1933) 
and i'larim (George, 1954). 

The inetapterygoid is seen to develop from the processus pterygoideus of the 
(luadrate of the chondrocranium in Beitropmustes and closely attached to the 
metapterygoid is another membrane bone which is designated here as entopterygoid, 
A pterygoid (ectopterygoid) is absent. Began (1911) opined that the metaptery* 
goid in the Ostarioj)}iysi had moved over the top of the quadrate and taken the 
])lace of the pterygoid, and therefore, the pterygoid w^as absent, except in Bagridae 
where it formed a small plate behind the palatine. David (1935) also reports only 
two pterjgoid l)ones in the members of Clariidae. Merriman (1940) in Galleichthys 
and Bayrc and Gcroge (1954) in ('larias have reportc^d the presence of pterygoid 
]yir\g dorsal or lateral to the meta-pterygoid respectively. But in Clarias batrachus 
examinefi by liie all tlui throe the metapterygoid, entopterygoid and the ectoptery- 
goid bones are present ; the cctoj)terygoid is a small bone. 

In EakroimeMHieH the palatines are completely perichondral ossifications with- 
out any membranous extemsion and remain independent of the metapterygoid, 
as observed in the development of the chondrocranium (Srinivasachar, 1957c), 
Similar })alatinos have been observed in other siluroids like Heterobranchus (Gregory, 
1933) and Clarim (George, 1954). The independent nature of the palatines have 
b('('n noticed evicn in the (levclopment of the chondrocranium in Heteropnemtes 
and (Aarhtf^ where? the i)terygoid process chondrifics independently and does not 
fuse with the quadrate at any time of the development. This condition has been 
observed by me (Srinivasachar, 195()6, 19575, 1957c) in all the siluroids studied 
except Arias where the pterygoid process is fused with the quadrate. 

In Heterojmnestes and Clarms tJie pterygoid bones are firmly attached with 
the prevomers by means (rf tendons and connective tissue. But in Batasio (Srini- 
vasachar, 1956a) the upper jaw possesses an additional articulation of pterygoid 
with the orbitosphonoid bone in addition to the usual articulation with the hyo- 
mandibula. Such a condition has not been noted in any other siluroid studied. 

In the lower jaw, only two bones, the angular and dentary are developed 
around Meckol’s cartilage in Heteropneustes and the splenial reported in Clarias 
by George (1954) is absent. I have also not seen a splenial in Clarias batrachus 
which T have examined for the sake of comparison. However, Haines (1937) has 
observed the invasion of the angular ossification in Meckel’s cartilage in Mugil^ 
Sardina and Trigh and also the presence of an endochondral ossification in the 
processus retroarticularis of Meckel’s cartilage. In Heteropneustes both angular 
and dentary develop outside Meckel’s cartilage and a retroarticular bone is 
completely absent. In Ophicephalus (Srinivasachar, 1955) a retroarticular is seen 
ossifying in the retroarticular process of Meckel’s cartilage. 

The branchial arches of Heteropnemtea differ considerably from the similar 
arches of Clarias (George, 1954), In Heteropnevaies the hypobranch of the third 
arch is a large piece of cartilage where slight ossification has been noticed and the 
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hypobranch of the fourth arch is also distinct and is not ossified. But in Clarim 
(George, 1954) the hypobranchs are absent in both the third and fourth branchial 
arches ; and a large triangular cartilaginous plate to which the ceratobranchs of 
all the arches are connected, has been described by him. I have not been able 
to see such a structure either in the chondrocranium of Clanm batrachus (Sriniva- 
sachar, 19576) or in the adult skull of the same that I have examined. In the 
chondrocranium of Clarim the median copula is represented by two pieces of 
cylindrical cartilages to which the hypobranchs are attached and not to the cerato- 
branchs as shown by George (1954) in the adult skull of Clarias lazera. 

The opercular bones of Heteropneustes are reduced as in other sihiroids (Gregory, 
1933). The opcrcle bone is larger than in Clarias, The preopercle is firmly attached 
to the ventral edge of the hyomandibula and the quadrate in Heteropneustes and 
a subopercle is absent as in other siluroids. 

The following table gives the synonymy of the terms employed by various 
authors in describing the skull of catfishes. 


Table 1 


Nomenclature 
follo'wed in 
Heteropneutatea 
following that 
of de Beer 
(1937) 

Goodrich 

(1909) 

Kindred 

(1919) 

Gregory 

(1933) 

Bhimachar 

(1933) 

George 

(1964) 

Ethmoid 

Ethmoid 

Supraethmoid 

Dermethmoid 

Supraethmoid 

Dermethmoid 

Lateral 

ethmoid. 

Prefrontal 

Ectethmoid 

Prefrontal 

Ectethmoid 

Lateral- 

ethmoid. 

Prevomer 

— 

Vomer 

Vomer 

Vomer 

Vomer 

Pleurosphenoid 

— * 

Alisphenoid 

Alisphenbid 

Alisphenoid 

— 

Pterotic 

Pterotic 

Squamoso- 

pterotic. 

Pterotic 

Squamoso- 

pterotic. 

Pterotic 

Sphenotio 

Postfrontal 

Sphenotic 

Sphenotic 

Sphenotio 

Sphenotic 

Intertemporal 

Lateral cheek 
bone. 

— 

Dermsphenotio 

— 

Dermsphenotio 

Antorbital 

Suborbital 

Suborbital 

Adnasal 

Infraorbital 

Minor 

maxillary. 

Hypohyal 

•— 

— 

— 

— 

Glossohyal 
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List of Abbbevutions 


ANG : Angular. 

AOR : Antorbital.# 

BBR 2 ; Basibranchied 2. 

BBR 3 : Basibranchial 3. 

BOC : Basioccipital. 

BRS : Branohiostegal rays. 

CAL : Ossifications. 

CB 1-5 : Ceratobranchs 1 to 5. 

CH : Ceratohyal. 

CO 1-2 : Cartilaginous copula 1 and 2. 
COM : Commissural sensory canal. 


4 
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CSI ; Cavum sinus impar. 

CV : Complex vertebrae. 

UEN ; Dentary. 

EB 1-4 : Epibranchs 1 to 4. 

EI£ : Epiiiyal. 

ENT ; Entojiterygoid. 

ETC : Ethmoid cornu. 

ETH : Ethmoid. 

EXO : Exoccipital, 

FHE : Foramen for the hyomandibular branch of the facial nerve. 

FM ; Foramen magnum. 

FON 1 : Anterior fonijmel in tho Frontals. 

FON 2 ; Posterior fontanel in the Supraoccipital. 

FK : Frontal. 

H13 1-4 : Hypobranchs 1-4. 

JIH 1 : Hypohyal anterior. 

HH 2 : Hypohyal posiorior. 

HM : Ilyomtuidibula. 

I OP : Interopercle. 

IPL : Inferior pharyngol plate. 

LET : Lateral ethmoid. 

LAC : Lacrimal. 

MAX : Maxilla. 

MEE ; Membranous extension of the ethmoid bone. 

MEH : Membranous extension of the hyomandibula. 

MEP : Membj'itnous extension of the metapterygoid. 

MEQ ; Membranous extension of the quadrate. 

MPT : Metajjterygoid. 

NS ; Nasal. 

OP ; Opercle. 

OS ; Orbitosphonoid, 

OT ; Kogon of the otolith of utriculus in prootio bone. 

OTS ; Cavum saoculus. 

OTC : Cavum utriculus. 

PAL : Palatine. 

PAS : Paras phenoid. 

PB 3 : Pharyngobrancli 3. 

PB 4 : Pharyngobrancli 4. 

PHY : Parahyoid. 

PLS : Pleurosphenoid. 

PMS : Preopercle mandibulay sensory canal. 

PO : Provomer. 

POP : Preopercle. 

PRO : Prootio. 

PTM ; Posttemporah 

PTC ; Pterotic. 

QU : Quadrate. 

SC : Suborbital sensory canal. 

SCO : Sensory canal ossicle. 

SO 1-2 ; Suborbitals 1 and 2. 

SOC : Supraoccipital. 

SOP ; Supraoccipital spine. 

SOS : Supraorbital sensory canal, 

SPH : Sphenotic. 

SPL : Superior pharyngeal plate. 

SUO ; Supraorbital. 

THl : Tripus. 

TSC : Texnporal sensory canal. 

UOP : Upper opening of the posterior semicircular canal. 

II ; Optic foramen. 

IV ; Trochlear foramen. 

V ; Trigeminal foramen. 

VI : Abducens foramen. 

VII ; Facial foramen. 

IX : Glossopharyngeal foramexi« 

X : Vagus foramen. 
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Abstract 


The distribution of alkaline and acid phosphatases, RNA and DNA was studied by histo • 
chemical technic in normal and vitamin B12 and folic acid doficiont rats. Tissues wore also 
stained with haomatoxylin and eoain for histological study. 

The alkaline phosphatase was increased in kidney, adrenals, spleen, testes, and thyroid 
in all animals made deficient in the two vitamins. In the deficient animals tho acid phosphatase 
activity increased in liver and adrenal, and disappeared completely in the pituitary. 

The vitamin B12 and folic acid deficient rats showed diminished KNA contents in liver, 
pancreas, adrenals, spleen, and testes ; diminished DNA contents in pancreas, adrenals and 
testes ; and increased DNA content in tho spleen. 

Tiio deficont animals showed marked histological changes in liver, thyroid, tostes, and 
spleen. 


iKTROniTCTION 

Reprofluotive failure in vitamin B 12 tleficicnt rats, and gross underdevelopment 
in various tissues of newborn rats from vitamin B ^2 deficient mothers have been 
reported by Dryden, Hartman and Cary (1951) ; Lepkovsky et al. (1951) ; Richard- 
son, Witten and Couch (1951), and Jones, Brown, Richardson and Sinclair (1955). 
Ferguson and Couch (1954) observed degenerative changes in heart, liver, thyroid, 
and kidney in chick embryos from hens deficient in vitamin Bjg- 

Sebrell and Harris (1954) have cited several references to implicate vitamin 
Bi 2 in the process of nucleic acid synthesis. Stern, Taylor and Russell (1949) 
have reported a diminution in liver cytoplasmic basophilia in vitamin B 12 deficient 
rats. Dempsey and Wislocki (1946) have pointed out that basophilia, shown to 
be ribonucleoprotcin, are intimately related to protein synthesis. Hence in vita- 
min Bi 2 deficient animals formation of nucleoprotein through the nucleoside is 
limited, and consequently protein synthesis in the body would be retarded. 
Rasch et al. (1956) have reported a diminution in liver nucleic acids in vitamin 
Bj 2 deficiency. Rose and Schweigert (1952) have observed degenerative changes 
in testes and thyroid in vitamin B 12 deficient rats. Biochemical studies of liver 
(Rose and Schweigert, 1952; Schweigert, Scheid and Downing, 1954) have shown 
both DNA and RNA to be decreased per gram of liver in vitamin B 12 deficient rats. 
Reports of tissue abnormalities of folio acid deficiency have not been reported 
so far. 

It is presumed that phosphatases play an exceedingly important role in the 
metabolism of carbohydrates, lipids, and nucleoprotein s. Colowiok et al. (1947) 
have reported that certain hormones (e.g., of adrenal cortex, pituitary, and pancreas) 
act on hexokinase, which arc very closely related to phosphatases. Kellorman 
(1955) has indicated a role of phosphatases in dephosphorylation, and now it is 
understood that phosphatases act as catalyst in the process of dephosidiorylation 
of certain phosphate esters. Possible relationship of phosphatases to various 
hormones is also indicated by Dempsey, Greep and Dean (1949) and Mathies, 
Goodman and Palm (1952), 
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Ling and Chow (1962, 1963, 1964) have presented evidences to show that 
vitamin B 12 deficiency causes derangements in carbohydrate and lipid metabolism* 
Williams, Nichol and Elvehjem (1949) have indicated the role of folic acid in carbo- 
hydrate metabolism. 

The present work deals with the studies on the distribution of alkaline and 
acid phosphatases, ribonucleic acid, and desoxyribonucleic acid in the various 
tissues of normal and folic acid and vitamin deficient rats. Histological studies 
of the tissues of these animals were also undertaken. 

Matebials and Methods 

Weanling male rats weighing between 30 and 36 gm. were divided into two 
groups with approximately the same weights. They were fed ad4ibitum., a puri- 
fied vitamin B^g and folic acid free diet (Patherpaker et ah, 1955). Casein was 
made vitamin free by hot alcohol extraction. Microbiological tests showed no 
detectable amounts of the two vitamins in the casein preparation used. The salt 
mixture No. 2 (U.S.P.) was finely powdered and mixed uniformly with the diet. 
Rats receiving the folic acid and vitamin Bx 2 free purified diet with an oral supple- 
ment of 0*6 /Ag of vitamin Bjg and 8 jig of folic acid per animal per day, were taken 
as normal controls. The experimental group received 0.3 per cent of a prepara- 
tion of iodinated casein and sulphasuxidine at a level of 1 per cent in the diet itself, 
without any supplement of folic acid and vitamin B^g* After about 3-4 weeks, 
the animals without folic acid and vitamin B^g supplements, started losing weight. 
The animals were killed by decapitation after about five weeks on the experimental 
diet, when they were deficient with regard to the above vitamins as revealed by 
hematological studies and microbiological assay of the vitamins in the liver. The 
studies were conducted with six normal and six deficient animals. 

The tissues were immediately removed, cut into 2-3 mm. thick pieces and 
fixed overnight in chilled acetone, chilled 80 per cent alcohol, 10 per cent neutral 
formalin, and Zenker-formol. They were then dehydrated and embedded in paraffin. 
Alkaline phosphatase content of the acetone fixed tissues were measured by the 
histochemioal method of Gomori (1946). Acetone fixed tissues were also used 
for the estimation of acid phosphatase by the modified histochernical method of 
Gomori (1950). DNA and RNA in alcohol and neutral formalin fixed tissues were 
measured by the method of Kurnick (1962). Feulgen reaction (Coleman, 1938 ; 
Stowell, 1946) for DNA were also carried out in the alcohol and neutral formalin 
fixed tissues. Zenker-formol fixed tissues were used for the histological study. 

The following tissues were studied : liver, kidney, adrenal, spleen, pancreas, 
testes, thyroid, and pituitary. 


Results 

In the different groups of animals studied, changes observed did not vary 
from animal to animal. The results of the investigations carried out are summarized 
in Table I. 


Alkaline and Acid Phosphatases 

lAver : Very little alkaline phosphatase was found to be present in the normal 
liver and no significant change could be observed between the liver of normal and 
of ‘deficient’ animals. 

The acid phosphatase gave an intense reaction in the hepatic cells and it seems 
to have been increased slightly in the liver of ‘deficient’ animals* 



1. TostoH of normal rat showinjj; distribution of alkaliiu’ pliosphataso. 1 10. 

2. Tostos of doficitmt rat sbowing distribution of alkalint‘ phospbataso. I JO. 

^’hyroid of normal rat showing distribution of alkalino pbos|)hata.so. ■ 220 

4. Thyroid of doficioiit rat showing distril)Ution of alka, lino jdiospliataso. ^ i-O. 

f). Adrenal oortox of normal rat .sliowing di.strdnition of alkalino phosphutas(‘. / 10. 

t). Adrenal cortex of dcticiont rat showdng distrilaition of alkaline phosphalaso. ‘ Mt. 

7. Kidney of normal rat showing distrilmt ion of alkahno pliosphataso. - 1 K . 

8. Kidney of (h'ticiont rat showing di.stribut ion of alkaline jihosphatase. a 110. 

0. Anterior pituitary of noriiuil rat sliowing di.stribution of acid phosphatasi^ > 1 10. 

10. Anterior pituitary of deficiiait rat showing a nogati\e reaction for acid phosphatase 
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Kidney : The maximum amount of alkaline phosphatase was located in 
the brush border of the kidney tubules. Considerable amount of the enzyme was 
present in the kidney cortex evenly distributed throughout, except that in the 
glomeruli it was much less. An increase, more pronounced in the brush border 
of the tubules, was observed in the kidney of the deficient animals. 

The acid phosphatase showed an even distribution and no change could be 
observed between the kidney of normal and of deficient animals. 


Tablb I 

Distribution of alkaline and acid phosphatases, RNA and DNA in the tissues of normal rats, {N) 
and rata deficient (D) in vitamin 3^2 orid folic acid 


Tissues 

Alkaline 

Phosphatase 

Acid 

Phosphatase 

RNA 

DNA 

(N) 

(») 

(N) 

m 

(N) 

(i>) 

(N) 

(D) 

Liver 

+ 

4* 

+ + 

+ + + 

+ + 

+ 

+ + 

+ 

Kidney 


4- + 4* 4- 


+ + 

+ + 

++ 

4 4 

+ + 

Adrenal 

4- + 

4-4-4- + 

+ + 

+ + 

+ + 

+ 

+ + 

+ 

Spleen 

"h 4" 

+ + + 

4 4 

+ + 

+ + 

+ 

+ + 

+ 4 + 

Pancreas 

4- -h 

+ -f 

4- + 

+ + 

+ + 

4 

4 4 

+ 

Testes 

++ 

+ + + + 

— 

— 

4 4 

+ 

4 4 

4 

Pituitary 

+ 4- 

+ + 

+ + 


4 4 

++ 

++ 

++ 

Thyroid 

4-4* 

+ 4“ 4 + 

+ + 

+ + 

+ + 

++ 

++ 

++ 


AdrenMs : The glomerular zone of the adrenal cortex showed the most intense 
activity for alkaline phosphatase. The intensity of the enzyme activity was found 
to be in a descending order in zona fasciculata and zona reticularis respectively. 
The adrenal medulla contained minimal amounts of alkaline phosphatase. In 
the adrenal of deficient animals the enzyme was found to be considerably increased, 
and though the distribution appeared to be on a similar pattern as in the normal 
adrenal, the increase was more pronounced in the zona glomerulosa and zona fasci- 
culata. 

The intensity of acid phosphatase was found to be more or less the same 
in the adrenals of both normal and deficient animals, though probably, there is 
a very slight increase in the adrenals of deficient animals. 

Spleen : Alkaline phosphatase was evenly distributed in the spleen pulp. 
Minimal activity was observed in the Malpighian corpuscles. In the spleen of 
deficient animals the alkaline phosphatase activity was found to be increased to 
some extent. 

No change was perceptible in the acid phosphatase activity in the spleen of 
normal and deficient group of animals. 

Pancreas : Pancreas gave a positive reaction for alkaline phosphatase. The 
activity in the acinar cells is much more pronounced than in the islets. No change 
could be observed in the alkaline phosphatase activity in normal pancreas and 
in pancreas of deficient animals. 

The acid phosphatase also did not show any difference in the normal pancreas 
and pancreas of deficient animeds. 

Testes : The alkaline phosphatase activity of the semmiferous tubules of the 
testes of deficient animals was considerably increased as compared with the normal 
controls. 

The acid phosphatase did not show any variation in the normal and deficient 
testes, The normal testes gave a negative reaction for acid phosphatase, and in 
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the testes of deficient animals the activity could be located at some isolated spots, 
which does not seem to be significant. 

Pituitary : There seems to be a selective distribution of both alkaline and 
acid phosphatases in the pituitary, which, possibly, may bo due to the different 
coll types. The intensity of alkaline phosphatase is more pronounced in the 
posterior lobe of the pituitary, whereas the acid phosphatase is more distinctly 
distributed in the anterior lobe. The pars intermedia gives a diffuse reaction for 
both of these enzymes. No change could be observed in the alkaline phosphatase 
activity of normal pituitary and pituitary of deficient animals. 

The pituitary of the deficient animals gives a more or less negative reaction 
for acid phosphatase, while the normal pituitary shows a pronounced activity of 
acid phosphatase. 

Thyroid : The secretory cells of the thyroid give an intense reaction for alkaline 
phosphatase and it is considerably increased in the thyroid of deficient group of 
animals. 

The acid phosphatase does not seem to indicate any perceptible variation. 

Ribonucleic Acid and Desoxyribonucleic Acid 

The ENA and DNA studied in all the above tissues, in general, seem to have 
been decreased significantly in the tissues of vitamin Bjg and folic acid deficient 
animals. The more perceptible changes were observed in liver, pancreas, adrenal, 
spleen, and testes which showed a decrease in ENA content in the tissues of the 
dificient group of animals. 

Thyroid, pituitary, and kidney from normal animal and animals rendered 
deficient in vitamin and folic acid did not show any significant change in the 
ENA content. 

The DNA was found to be decreased in pancreas, adrenal and testes. In the 
liver of deficient animals also the DNA seems to be slightly decreased though it 
does not seem to be very distinct. 

Contrary to the above results, spleen of the deficient animals showed a marked 
increase in the DNA content as compared with the normal. I'he number of nuclei 
is greatly increased. Thyroid, pituitary and kidney did not show any variation 
as regards DNA content. 


Histological Study 

The haematoxylin and eosin stained sections on microscopic observation 
showed changes in liver, spleen, testes, and thyroid only. In the rest of the tissues 
no variations from the normal could be observed. 

Liver : The clumped nature of the c 3 rtoplasmic basophilia of the normal 
liver was not retained in the liver of the deficient group of animals. The granules 
were evenly and scarcely distributed and a marked decrease in the cytoplasmic 
basophilia was observed, which is in agreement with the work of Stern, Taylor 
and Eussel (1949). The liver showed heavy haemorrhage, and fat infiltration was 
also observed to a slight extent. 

SpUen : In most of the animals rendered deficient in vitamin B 12 and folic 
acid the size of the spleen is significantly increased. The number of nuclei showed 
a marked increase in the deficient tissue which correspondingly increases the DNA 
content also. 

Testes : Testes show gross degenerative changes in deficient tissues, which 
confirm the works reported by Eose and Schweigert (1952). The seminiferous 
tubules were markedly shrunken, thereby increasing the intertubular space. The 
interstitial cells show marked signs of degeneration, Spermatogenetic activity 
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is considerably reduced and only a few spermatogonia remained in the germinal 
epithelium. 

Thyroid : "Phe thyroid follicles of the deficient tissue were enlarged and were 
full of colloid, which takes a deep stain. There were very few or no vacuoles in 
the follicles. 

The secretory cells lining the follicles were low cuboidal or flat. A marked 
reduction in the size of the secretory cells occur, the reduction being primarily 
in the cytoplasm of the cells. The gland as a whole was highly vascular. These 
changes in the thyroid were similar to those reported by Wang et at (1954). 

Discussion 

There seems to be a general increase in the alkaline and acid phosphatase 
contents of tlic various tissues of rats made deficient in both folic acid and vitamin 
Bi 2 * increase in alkaline phosphatase is more pronounced in kidney, adrenal, 
spleen, testes, and thyroid. The acid phosphatase is increased in liver and adrenals. 
There is total disappearance of acid phosphatase from the deficient pituitary. 

Our knowledge concerning the biochemical function of phosphatase is still 
limited, thougli it is presumed to play an important role in the metabolism of 
carbohydrates, lipids, and nucleoproteins. The derangement in carbohydrate 
metabolism in vitamin Bj2 **'^**<1 deficiencies have been reported by Ling 

and Chow (1952, 1951), 1954) and Williams, Nichol and Elvehjem (1949). The 
changes observed by us in the alkaline and acid phosphatase content of tissues 
in vitamin B 12 and folic acid deficiency may add to the evidence of the role of the 
two vitamins in carbohydrate metabolism. Kellerman’s (1955) report on the 
role of phosphatase in dephosphorylation and the work of Piccardo and Salvetti 
(1955) and other workers, suggesting the close relationship between phosphate 
turnover and vitamin B^g, seem to explain the changes in alkaline and acid phos- 
phatase observed by us. 

Moog (1946) and Dempsey and Wislocki (1946) have suggested that adrenal 
alkaline phosphatase plays an important role in the metaboolism of lipoids and so 
I)ossibly in the synthesis of adrenal cortical hormones. Boxer ei at (1955) have 
observed a (jonsiderable increase in the coenzyme A contents of liver and kidney, 
which, in turn, may affect the Krob’s cycle. The considerable increase observed 
in the alkaline phosphatase content of the deficient adrenal may indicate a disturbed 
physiological function of the gland, which can be presumed from the reports on 
deranged lipid metabolism and the changes in coenzyme A concentrations in 
vitamin B^g deficient animals. The role of acid phosphatase in the adrenals is 
not clearly known. 

Kar (1950, 1951) suggests that testicular alkaline phosphatase is in some way 
related to testicular function. Kellerman (1955) has indicated the relationship 
between hexokinase and phosphatase in guineapig testes. The observed increase 
in the testicular alkaline phosphatase in our studies might be due to a changed 
physiological function of the organ. 

The role of phosphatase in spleen, thyroid, and pituitary is not clearly known 
and hence the changes observed can not be explained from the results at hand. 
It only indicates a changed physiological function of the above organs. Concern- 
ing the hormonal regulation of enzymes, it is supposed that the enzymes are func- 
tioning under extremely complicated situations. Brachet and Jeneer (1948) and 
Bourne (1943) have suggested a role of alkaline phosphatase in nucleic acid meta- 
bolism which will be considered later. In view of the evidences at hand it would 
seem too premature to expound any theory on the r61e of phosphatases from the 
results of histochemical technics only. 

The ribose and desoxyribose nucleic acids are found to be decreased in all 
the tissues except thyroid, pituitary, and kidney. The role of vitamin Bj 2 in 
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nucleoprotein metabolism is quite evident from the reports available, Sebrell 
and Harris (1964) have cited references to show that vitamin has an important 
role in nucleic acid synthesis, and consequently, in the deficient animals the nucleic 
acids are markedly diminished. Taking into account the reports of Brachet and 
Jeneer (1948) and Bourne (1943), the increased alkaline phosphatase may as well 
explain the diminution in nucleic acid synthesis, though the exact mechanism 
of action of phosphatase in nucleic acid synthesis is not clearly known. Our work 
regarding the nucleic acid content of tissues is in agreement with the works reported 
by Schweigert ei aL (1954), Rasch et al. (1955), Rose and Schweigert (1962) and 
Wang et al, (1954). 

Histological changes in the tissues of vitamin B 12 deficient animals have been 
observed by various workers. They are much more pronounced in the second 
generation as reported by Ferguson and Couch (1954). The degeneration observed 
by us in the testes may explain the gross degenerative changes and undergrowth 
in the second generation. 

The changes observed in the thyroid might be due to the presence of iodinated 
casein in the diet. 

The diminution of cytoplasmic basophilia in livers of rats deficient in vitamin 
Bi 2 and folic acid, confirms the reports of Stern, Taylor and Russell (1949). A 
heavy haemorrhage and fat infiltration to some extent were also observed which 
may be due to the depletion of the vitamin Bj 2 stores in the body, which is a lipotropic 
agent. The spleen shows a considerable increase in the number of nuclei in defi- 
ciency, which seems to account for the increase in the DNA content of the deficient 
spleen. 
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NEW PLANT EECORDS FOR THE UPPER GANGETIC PLAIN 


by M. B, Raizada, F.N.L, Division of Forest Botany^ Forest Research Institute, 

Dehra Dun 

(Received February 28 ; read June 26, 1958) 


Abstkact 

Although great advancement in researches in practically all other branches of 
botany has been made in India during recent years, floristic and vegetational studies 
have been greatly neglected since the publication of Hooker’s Flora of British India and 
other regional floras in the latter part of nineteenth and early twentieth century. During 
the last two decades or so fortunately, some interest has again been revived in this subject 
and attempts have been made to study local vegetation of various parts of this great 
sub-continent. Concerted action on tho part of foresters and botanists in various univer- 
sities and other scientific organisations and research institutions is, however, necessary in 
the collection of fresh and adequate material for floristic studies and theieby help in tho 
revision of the Flora of India. 

The present paper is the fifth of the series dealing with the author’s studies of 
the Flora of the Upper Gangetic Plain and the adjacent Siwalik and sub-Himalayan tracts, 
which cover an area of about 1,96,000 sq. miles (5,07,640 sq. Km.). Most of tho mate- 
rials on which thip paper is based have been collected or scrutinized by tho author within 
recent years and are deposited in the Dohra Dim Herbarium. 

Modern nomenclature has been used throughout and 28 species referable to 20 genera 
and 10 families, hitherto not reported from the area by previous workers, have been 
listed. One new combination in the family Convolvulaceae, viz., Argycia bella (Clarke) 
Raizada has been made. For the benefit of Indian workers detailed descriptions with 
critical notes of species not described in Hooker’s Flora of British India have been given. 

Floristic and vegetational studies have generally been greatly neglected in 
India since the publication of tho monumental ‘Flora of British India’ by Sir 
.T. D. Hooker and other provincial floras in the latter part of the nineteenth and 
early twentieth century. During the last decade or so, fortunately interest has 
again been revived to a certain extent in this subject and attempts have been made 
to study the local vegetation of various parts of the country (J. Banerji, 1948 ; 
M. L. Banerji, 1952ffl,6, 19i)3 ; Chatter jee and Bharadwaja, 1956; Ghildyal, 1957 ; 
Grovindu, 1949 ; Govindu and Thirmulachar, 1952 ; Gupta, 1956 ; .Iain and Bharad- 
waja, 1949 ; Joshi, 1956 ; Kingdon-Ward, 1948, 1949 ; Krishnaswamy, 1952 ; 
Mooney, 1947, 1950; Mudaliar and Kamath, 1954; Mukerjee, Sushil, 1947, 195.*}, 
1956 ; Mukherjec, Sunil, 1963 ; Nair and Natbawat, 1956, 1957 ; Nasir, 1957 ; 
Navalkar, 1956 ; Patil, 1956 ; Patnaik, 1956 ; Patnaik and Patnaik, 1956 ; Raizada, 
1948a, 5, 1949, 1951, 1952, 1954a, 5, c, 1957; Sahni, 1953; Sahni and Raizada, 

1955 ; Santapau, 1947, 1950, 1951, 1953a, 6, c, d, 1955 ; Santapau and Raizada, 

1956 ; Seshagiri Rao, 1953 ; Shanti Swarup, 1957 ; Srivastava, 1955a, b, 1956a, b ; 
Stewart, 1951 ; Thirumalachar, et al., 1949 ; Watts, 1954 ; etc.). This will doubt- 
less greatly help in the revision of the local floras and the flora of India, provided 
such interest is kept up by the various Indian universities and other scientific 
and research organisations and institutions and proper facilities are made available 
for this purpose. 

The present paper is the fifth of the series dealing with the author’s studies 
of the ‘Flora of Upper Gangetic Plain and the adjacent Siwalik and sub-Himalayan 
Tracts’.* Most of the materials on which this paper is based have been collected 


* Reoeatly introduced or otherwise imperfectly known plants from the Upper Gangetic 
Plain. Pt. I. Joum. Ind. JBof. Set., 14, 339-348, 1935. Pt. II. Ibid,, 16, 149-107, 1946. 
Pt. III. Jnd. For, Bee, (N.8.) Botany, 1, 223-236, 1939. Pt. IV. Ibid,, 4, 66-72, 1960. 
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or scrutinized by the author within recent years and is lodged in the Dehra Dun 
Herbarium. 

In addition to the species not previously described by Duthie in his flora or 
noted and recorded by the author as occurring in the Upper Gangetic Plain, Sunil 
Mukherjec mentions the following species as having been collected on the Delhi 
Ridge : Atylosia elongata, Blepharis asperrima, Leucas diffusa and Opuntia dillenii. 
In addition Srivastava (1966) mentions the species listed below as having been 
collected by him, but so far these have not been reported from any part of Uttar 
Pradesh : Athroisma lacimatuniy Bulhoatylis capillaris^ Convolvulus microphyllus, 
Luffa graveolens and Vicoa cernna. 

The woody flora of the area under consideration is now practically completely 
known but it is probable that some species, particularly of herbaceous and weedy 
plants, still remain to be collected and that, future intensive and careful botanizing 
in the region will add a few more to the present list. Furthermore, a number 
of species, especially of recently introduced exotics, which are commonly cultivated 
in gardens have begun to run wild and will doubtlessly become sufficiently common 
to deserve a place in the flora as much as the indigenous species. 

As in previous parts the sequence of families and genera is that adopted by 
Sii‘ J . D. Hooker in the Flora of British India and with few exceptions the families 
are enumerated without change in nomenclature and terminology. The generic 
and specific names have, however, been amended in accordance with the latest 
International Code of Botanical Nomenclature, but where changes have occurred 
the synonym as it appears in the Flora of British India is given. For the benefit 
of Indian workers detailed descriptions of those plants which do not find a place 
in Hooker’s flora and of which it may, therefore, be difficult or inconvenient to 
find descriptions, are also added. 

It has been found necessary to make one new combination, Argyreia bella 
(Clarke) in the family Gonvolvulaceae. 

Cruciferae 

Lepidium ruderale Linn. Sp. PI. 645, 1763 ; Hk. f. FI. Br. Ind. 1 : 160, 1872. 

‘New Forest, Dehra Dun, 15-5-1953, M. B. Raizada Dehra Dun Herb. No, 
113072 and 113073 ! An abundant weed in waste land’. 

An annual foetid herb with slender tap-root and a single, more or less erect, 
stem 10-30 cm. high. Flowers inconspicuous, greenish- white. Pods (siliculae) 

2- 2.5 mm. by 1.5-2 mm., retuse or notched at the tip. 

This is a temperate Himalayan herb which is common in the hills, 2,000-4,000 m. 
Its occurrence in Dehra Dun is presumably due to its seeds having been brought 
down in the streams. 

Lepidium perfoliatum Linn. Sp. PI. 643, 1753. 

‘Laxmi Road, Dalanwala, Dehra Dun, 20-2-1953, M. B. Raizada Dehra Dun 
Herb. No. 112790 ! A herb near water channel, not common’. 

An annual (or biennial ?) herb with single erect stem 20-40 cm., sparsely hairy, 
usually branched above. Basal leaves upto 10 cm., long-stalked, bipinnate, the 
ultimate segments less than 1 mm. wide ; middle and upper stem leaves 1-1.6 by 
1-1.6 cm., broadly ovate, or deeply heart-shaped, acute, entire, clasping the stem 
with large basal lobes, strikingly different from the basal leaves. Ilowers small, 
inconspicuous, in dense terminal ebracteate racemes. Petals pale-yellow, half 
as long as the sepals. Stamens 6. Fruiting-stalks ascending, glabrous, almost 
equalling the fruit ; siliculae variable in shape but usually about as broad as long, 

3- 4 mm.; valves keeled below, very narrowly winged above ; style usually project*' 
ing beyond the apical notch of the fruit. Seeds in a cell, pale, smooth, 
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This species is a native of E. Europe and W. Asia and is now introduced 
throughout the rest of Europe and in N. Africa and N. America. It is not 
mentioned in the Flora of British India, although it has been collected from 
Baluchistan (Stocks 1008 in Herb. Dehra Dun) and Afghanistan (J. E. T. Aitchison 
284 and S. A. Akhtar both in Herb. Dehra Dun). Its occurrence in Dehra Dun is, 
therefore, a mystry to me, although I have collected and observed it on several 
occasion. In all probability it has been introduced within recent times. 

Fbanebniaobab 

Frankenia jndveruknta Linn. Sp. PI. 332, 1753 ; Hk.f. FI. Br. Ind. 1 : 212, 1874. 

‘Sahibabad Daulatpur, Delhi, Feb. 1950, M. B. Raizada Dehra Dun Herb. No. 
113649 ! A small spreading herb with deposit of salt crystals on all parts of the 
plant’. 

‘Delhi, Feb. 1951, Harbhajan Singh Dehra Dun Herb. No. 115559’! 

A slender, exceedingly branched, diffuse herb with articulate branches and 
small opposite leaves. Flowers inconspicuous, small, solitary in the forks of the 
branches. 

It is common in Sind and the plains of the Punjab. Although not recorded 
by Kashyap and Joshi in their ‘Flora of Lahore district’ it was collected by Dr. 
J. L. Stewart from Lahore as early as April 1864 (Stewart 2900 in Herb. Dehra 
Dun). 

Caesalpiniaceae 

Caesalpinia digyna Rottler in Ges. Naturf. Freunde Neue. Sehr. 4 : 200, 1803 ; 
Hk. f. FI. Br. Ind. 2 : 256, 1878. 

‘Domakliand, Gorakhpur, 25-2-1918, Sri Ram 937 ! A large climber, rare’. 

A large scandent shrub, armed with hooked prickles. Flowers in recemes, 
pale-yellow. Pods shortly stalked, glabrous, fleshy, oblong, with a short recurved 
beak, 1-4 seeded, rich in tanin. 


COMPOSITEAE 

Artemisia parviflora Buch. Ham. ex Roxb. Hort. Beng. 61, 1814 ; Hk. f. FI. Br. 
Ind. 3: 322, 1881. 

‘Dehra Dun, 12th Sept., 1870, Dr. King’, in Herb. Dehra Dun. 

‘New Forest, Dehra Dun, 6-10-1956, M. B. Raizada Delu-a Dun Herb. No. 
123198. A tall herb with greenish-white flower heads in racemes.’ 

‘Soil Conservation Farm, Bainkhala, Dehra Dun, Sept. 1957, S. S. Mehta, 
Dehra Dun Herb. No. 1123200.’ 

An erect, more or less aromatic, shrub-like herb. Lower leaves sessile, wedge- 
shaped or obovate-oblong, with generally a pair of stipule-like narrow lobes at the 
base. 

This temperate Himalayan species which usually occurs between 1,500-3,500 
m., is common in hilly districts throughout India. Its occurrence in Dehra Dun 
is apparently due to its seeds having been washed down by the streams. 

CONVOLVTJLACEAB 

Argyreia Mh (Clarke) Raizada com. nov.; Lettsomia belh Clarke in Hk. f. FI. Br. 
Ind. 4 : 192, 1883. 

‘Songarh, Nepal border of Gonda, 1-1-1922, Sis Ram (Kanjilal’s collector), 
Dehra Dun Herb. No. 116419’ I 

A pretty climber with milky juice and white tomentose branches. Leaves 
ovate-cordate, large ; softly hairy above, white tomentose beneath. Flowers pink, 
campanulate. Frait scarlet, dry when ripe, 
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SCROPHULARUOEAE 

AUdra thomsoni Hk. f. in FI. Br. Ind. 4 : 297, 1884. 

‘Banda, U.P., Nov., 1921, Sri Ram Dehra Dun Herb., No. 90,175. An erect 
leafless herb, flowers yellow. Reputed to be medicinal and a potent tonic. Local 
name ‘Nirgundi, apparently parasitic’. 

An erect almost leafless herb, often with several erect branches from near 
the base. Leaves scale-like ; flowers in racemes, yellow. 

Acanthaceae 

Stavrogyne polyboirya (Nees) 0. Kuntze Rev. Gen. 1 : 407, 1891.; Ebermaiera poly~ 
boirya Nees ; HK. f. FI. Brit. Ind. 4 : 396, 1884. 

‘Gorakhpur, Feb., 1956, S. K. Seth, Dehra Dun Herb. No. 113563. A herb’. 
A small diffuse herb with opposite leaves and small purplish flowers, mostly 
in spikes, terminating the stems or on axillary branchlets almost bare of leaves 
at the base. 


POLYaONACBAE 

Polygonum chinense Linn. Sp. PI. 363, 1763 var. ovalifolia Meissn. in DC. Prod. 14 : 
130, 1866 ; Hk. f. FI. Br. Ind. 6 : 45. 1886. 

‘New Forest, Dehra Dun, 6-1-1966, M. B. Raizada Dehra Dun Herb. No. 
123199. An undershrub about 3 ft. high and with white flowers. It has now 
escaped from cultivation and is running wild in our plantations’. 

An erect or rambling shrub with ovate, or ovatc-oblong leaves which are often 
subcordate at the base and white flowers. 

This shrub which is frequently grown in gardens in Dehra Dun has now started 
to run wild and will very soon deserve a place in our flora like other indigenous 
species. 


Liluceae 

Lilium tmlUchianum Schultes f. Syst. PI. 7 : 1689 ; Hk. f. FI. Br. Ind. 6 : 349, 1892. 

‘Songarh, Tulsipur Range, Gonda, 19-9-1921, Sis Ram Dehra Dun Herb. No. 
118192! A herb’. 

A perennial herb about 1-2 m. high and with large, narrowly linear leaves. 
Flowers subsolitary, large, funnel-shaped, white, sweet-scented. 

CyPBRACEAB 

Oyperus atkinsoni C. B. Clarke in Journ. Linn. Soc. 21 : 109, 1884 ; Hk. f. FI. Br. 
Ind. 6 : 603, 1893. 

‘Delhi, 20-8-1962, M. B. Raizada Dehra Dun Herb No. 113198 1’ 

A perennial, rhizome creeping, stem 5-20 cm. long, trigonoirs below, terete 
above. Umbels simple often contracted into a head. 

Cyperus alulatus Kern in Reinwardtia 1 : 463, 1962 ; Cyperus iria var. rectangularis 
t Kukenth. in Engl. Pflanzenr., Heft 101 : 162, 1936 ; Cyperus iria ((non- 
Linn.) 8enst( Clarke. Cyper. pi. 14 f. 1 : 1909, non al. 

‘Moradabad, Aug, 1843, Thomson 280’ I 

‘Nalapani road, 2000 ft., Oct. 1891, J. S. Gamble 23192’. 

‘Dehra Dun, 2000 ft. Aug. 1891, Gamble 23862’. 

‘Gwalior, C. Maries 366’. 

Annual. Stems erect, slender, triangular, smooth, 1-7 cm. long, 1-2 mm. 
broad, few foliate below. Leaves shorter than or as long as the stem, entire, soft, 
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long-acuminate, scabrous on the upper surface, 1.5 mm. broad. Inflorescence 
simple or somewhat compound, lax. Bracts obliquely patent, 2-4, elongated, 
similar to leaves, very prominent. Inflorescence (umbel) 3-9 radiate, bracteoles 
tubular, somewhat obliquely truncate, posteriorly cuspidate or bidentate, base 
brownish, 0.6-1 .5 cm. long, emarginate, unequal, obliquely patent, slender, com- 
pressed, smooth, or with hirsute apex ; umbels up to 16 cm. long sometimes longer, 
apex few-branched, rays short, pale-yellow with a tail like support (appendage). 
Spikes ovate or oblong-ovate, lax or somewhat dense, 1-3 cm. long, ^25 (30) mm. 
broad with 5-20 spikelets ; rachis flexuose, angular, somewhat hairy. Spikelets 
compressed, rectangularly divaricate or somewhat reflexed, ovate to oblong-linear, 
3-12 mm. long, 2-2.5 mm. broad, 4-18-flowered, base enclosed and supported by 
a subulate seta. Rachilla obscurely brown, straight, somewhat wingless, inter- 
nodes 0.6-1 mm. long. Glumes membranaceous, partly imbricate, some- 
what spreading, concave, almost orbicular, (1 .75)-2 mm. long and broad, emargi- 
nate below the apex, mucronulate, dorsal surface with 7 greenish nerves with one 
orange-yellow purplish nerve on one side ; keel acute, bow-shaped, narrowed on 
the upper surface, wings spinulose-ciliate. Stamens 2, anthers small, oblong, 
sometimes linear, connective without an appendage and slightly prolonged. Style 
almost absent, stigmas 3 ; fruits many, small. Fruit circular in outline, obovate, 
three-angled, laterally concave, base broadly stipilate, apex mucronate, dark- 
brown, smooth and shining, densely pectinate, 1.5 mm. long, 0.8~().9 mm. broad. 

This species is close to G. iria L. which differs in glabrous rachis. Spikelets 
are 1.5-2 mm. broad, erect and then become spreading ; small glumes are 1.25-1.5 
mm. long. It is dorsally 3-5 nerved with keel wingless and smooth ; and fruits 
small being 1-1.25 mm. long. 


Gramineab 

Setaria megaphylla (Steud.) Dur. et Schinz. Consp. FI. Africa 5 : 773, 1895 ; Bo^ 
in Kew Bull. 660, 1964 ; Panicum megaphyllum Steud. Syn. PI. Glum* 
530, 1854. 

‘Dehra Dun, Oct. 1890, Duthie 10755 and 10756’. 

‘Forest School Garden, Dehra Dun, Oct. 1892, Gamble’. 

A perennial grass from a stout rhizome. Culms 1-3.5 m. tall, very robust, 
erect from the base, simple or branched, terete, smooth and glabrous or rather 
rough below the inflorescence. Leaf-blades elliptic-linear, tapering to the base, 
drawn out gradually to a long acuminate tip, glabrous or loosely hairy on the upper 
surface, coarsely and extremely soabrid on the margins and on the outer nerves 
on the upper surface, scabrid but less so on the under surface and in the centre 
on the upper surface, rigid, flat, pleated and somewhat crinkled towards the base ; 
sheaths terete, striate, tightly clasping, glabrous and smooth below, pilose towards 
the collar and densely ciliate on both margins with tubercle-based hairs ; ligule 
a dense fringe of hairs. 

Inflorescence a linear to linear-lanceolate panicle, dense or loose, up to 30 cm. 
long by 10 cm. wide ; axis angled, striate, very scabrid to shortly hirsute on the 
angles, carrying branches which are single or more often in groups or false whorls ; 
branches similar to the axis up to 6 cm. long, branching or rebranching, the upper- 
most gradually shorter. Spikelets solitary on the ultimate branchlets, seajjed 
on scabrid pedicels, the lateral sometimes without a supporting bristle, the terminal 
always with one, about 3 mm, long. Lower glume broadly ovate to rotundate, 
membranous, smooth and glabrous about 1-1.5 mm. long, 3-nerved ; upper glume 
broadly ovate-oblong, 2-2.4 mm, long, 6-nerved. Lower floret empty; lemma 
membranous, elliptic-acute or apiculate, smooth and glabrous, 5-nerved; palea 
a short hyaline membrane. Upper floret hermaphrodite ; lemma elliptic^pi^late, 
ahartaceous to crustaceous, smooth or very obscurely rugulose, turning coffee brown 
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at maturity ; palea of the same texture ; stamens 3 ; anthers 1.25 mm.; styles 2, 
distinct ; stigmas plumose, as long as the styles. 

A native of Africa, introduced in India. Probably an escape within the area, 
but not yet naturalized. 

Arundinella setosa Trin. Gram. Panic. 63, 1826 var. setosa Bor in Kew Bull. 391, 
1955 ; Arundimlla capillaris Hk. f. FI. Br. Ind. 7 : 74, 1896. 

‘Molian Pass, Saharanpur Siwaliks, Oct. 1898, Duthie’. 

A perennial grass up to 1 m. tall with a densely tufted hard rootstock but with- 
out a rhizome ; base glabrous. Inflorescence a drooping panicle which is extremely 
variable in size and density. Spikelets 6.5-7 .5 mm. long. 

Leersia liexandm Sw. Prod. Veg. Ind. Occ. 21, 1788 ; Hk. f. FI. Br. Ind. 7 : 94, 1896. 
‘Saharanpur, 20th August, 1851, Jameson’. 

‘Mala, Pilibhit district, 1-2-1918, Sri Ram Dehra Dun Herb. No. 60088’ ! 
‘Gorakhpur, Nichaut road side, near paddy fields, 5-11-1950, M. B. Roizada 
133/1950’ ! 

An aquatic j)crcnnial grass, common in swamps. It is said to provide good 
fodder. 

Aristida depresm Retz. Obs. 4 : 22, 1786 ; A, adscenscionis Linn. Sp. PI. 82, 1753 ; 
Hk. f. FI. Br. Ind. 7 : 224, 1896 in part. 

‘Ajmer, 1883, Lowric 4935’. 

‘Baghpat, Meerut district, 11-12-1885, Duthie 4934’ 

‘Etawah, 26-11-1886, Duthie 6574’ 

‘Aligarh, 7-11-1887, Duthie 6771’ 

A xerophytic grass of arid and semi-arid regions, preferring dry and sandy 
localities. It is common throughout the area. 

This species differs from A, adscensekmis Linn, mainly in the very unequal 
length of the glumes, the lower glume is about | as long as the upper and both 
are moreover very acute, the lower distinctly being awned, while the upper is 
without a bifit apex and is slightly pointed. 

Alopemrns geniculatus Linn. Sp. PL 60, 1753 ; Hk. f. FI. Br. Ind. 7 : 239, 1896. 
‘Dehra Dun, Umrao Singh 316’ 

An animal or semi-perennial grass ; culms erect or geniculate at the base, 
rooting at the nodes, 20-60 cm. tall, stout or slender. Inflorescence a cylindric 
or oblong, spitjiform panicle 2.5~7M cm. long. Spikelets strongly compressed, 
2.75 mm. long. 

Garnotia elata (Am. ex Miq.) Janowski in Feddc, Rep. Spec. Nov. 17 : 86, 1921 ; 
Berghmma ehta Arn. ex Miq. Analect. Bot. 2 ; 20 ; Garnotia scoparia Stapf 
ex Hk. f. in FI. Br. Ind. 7 : 242, 1896. 

Gomti Bandha, Lucknow, Nanheram Dehra Dun Herb. No. 42695. A tall 
grass growing in tufts of culms’. 

A tall grass up to 1 m. high ; leaves straight rigid with scabrid margins ; sheaths 
with woolly margins. Panicles long upto 1 m., very narrow. 

This grass is so far known to occur in South India (Madras State) only. Its 
find in Lucknow is therefore inexplicable and a puzzle to the author as it has not 
been reported to occur in between. 

*8porobolus stocksii Bor in Kew Bull. 45, 1948 ; Sporobolus ioclados Hk. f. FI. Br. 
Ind. 7 : 249, 1896, non Nees FI. Air. Austral. 161. 

‘Merwara, 1884, A. E, Lowrie 5239’ 


’"While this paper was going through the press 1 an opportunity to examine a 
fragment of the type (J. E. Stocks) of SporoboliM atookm Bor, supplied to me through the 
courtesy of the Director, Royal Botanic Gardens, Kew. This revealed that Lowrie’s 
specimen is not S, Stocksii* Consequently it was sent to Dr. Bor of Kew for his cminion 
who just informs me in his letter dated 17.4.58 that ^qt is not S* Stocksii but I have 
not matched it well ; it is like S, minutifloma with longer spikelets and may prove to be 
a distinct species.” 
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A densely tufted rather stout grass with densely tufted narrow leaves. Paniole 
branches flexuous, opposite and alternate ; upper lemma constantly shorter than 
the lemma. In the true Sporobolus ioclados Nees which is a native of South Africa, 
the panicle branches are straight and verticillate and the upper glume is equal 
to or slightly longer than the lemma. 

Sjmobolus hdvolus (Trin.) Th. Dur & Schinz. Consp. FI. Afric. 5 : 820, 1895 ; Vulfia 
hdvdla Trin. in Mem. Acad. Petersb. Ser. VI Se. Nat. v. II. 52, 1840 ; 
Sporoholm glaucifolim Hk. f, FI. Br. Ind. 7 : 247, 1896 non Hochst. 
‘Ajmer, B. Tiagi, Dehra Dun Herb No. 15/101560’ 

A perennial grass. 

Sjmobolus viokmem Mez.* in Fedde, Rep. Sp. Nov. 17 : 298, 1921. 

‘Gwalior’, Fide Mez. 

Apparently an annual, about half metre long, slender. Leaf-sheath much 
shorter than the culm internode, not at all keeled, with glabrous margins ; ligule 
hairy, short, variable, not barbate on the sides ; lamina totally longitudinally 
convolute on drying up, margins thickened a little and somewhat serrate near the 
base, not conspicuously ciliate. Inflorescence, more or less, many flowered, lax, 
tri-pinnately paniculate, sub-pyramidal in shape, about 0.14 m. long and 55 mm. 
broad ; all branches remarkably verticillate, about J or J arrow pointed in shape. 
Spikelets very long-pedicelled, about 2 mm. long. Glume I elliptic-rotundate, 
without nerves, scarcely more than 1/5 the length of the spikelet ; glumes [I nearly 
as long as the spikelet, broadly rotundate, thinly 1 -nerved. Lower paloa (lemma) 
as long as the spikelet, apex obtusely denticulate, 1 -nerved ; upper lemma (palea 
proper) much above and a little smaller than the lemma, laterally truncate, apex 
denticulate as in the lemma. 

Eragrostis tremula Hochst. ex Steud. Syn Gram 269, 1854 ; Hk. f. FI. Br, Tad. 7 : 
323, 1896. 

‘Shahjahanpur, 10-10-1885, Duthie 5111’ 

‘Ajmer, Lowrie’ 

‘Etawah, 26-11-1886, Duthie 6597’ 

‘Mailani, South Kheri, 12-11-1920, Sri Ram’ 

‘Banda, 22-10-1921, Sri Ram’ 

‘Jaipur, 2-2-1957, Raizada’s collector 253})2’ 

This grass is fairly common throughout the Upper Gaiigetic Plain, Bohar, Bengal, 
Assam, Kathiawar and the Western Ghats ; also in Afghanistan and tropical Africa. 

It prefers light soils and is said to be a good fodder, but the foliage yield is small. 
Eragrostis poaeoides Beauv. Ess. Agrost. 162, 1812; Hubbard in Kow Bull. 17, 
1933 ; E, minor Host. Gram. Austr. 4 : 15, 1809 (in nota) et in FI. Austr. 
1 : 135, 1827 ; Stapf in Hk. f. FI. Br. Ind. 7 : 321, 1896. 

‘Saharanpur, Royle 109’ 

‘Dehra Dun, July 1894, Gamble 24664’ 

‘Gonda, 20-5-1918, Sri Ram’ 

‘Ajmer, Lawrie 4958’ 

It is an annual grass common in fields during the rains and winter throughout 
the area. 

The name Eragrostis minor Host, is untenable since the genus was not 
validly published until 1812. 

* Mez.» 2.C., mentions that the type is in the Calcutta Herbarium. In spite of prolonged 
search by me and by the Keeper, Dr. 8. K. Mukenee, the type, however, could not be traced. 
Dr. N. L. Bor, Assistant Director, Royal Botanic Gardens, Kew to whom I referred this matter 
just informs me in his letter dated 13-3-58 that “about 8 years ago I wrote to Biswas for 
SporoboliM ffiolascens Hez and it could not be traced in the Calcutta herbarium. I have tried 
to run it down in Berlin and in other herbaria in Germany also without success”. 

In absence of the type, although it is rather diflloult to comment on the status of this 
species which, no doubt, is distinct, it appears to me from its description that this may be the 
same as SporoMus utragmvs Bor, subsequently described in the Kew Bull. 1949, p. 25L 
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Poa infirrm H. B. K. Nov. Gten. etSp. 1 : 168 (1815) 27 ; Bor in Journ, Bom. Nat. 
Hist. Soc. 60 : 818, 1952 ; Poa annua Linn. ssp. exilis Tomm. apud Preyn. 
Zool.Bot. Ges. 27 ; 469, 1877 ; Oaiabrosa thomsoni Stapf ex Hk. f. FI. 
Br. Ind. 7 : 311, 1896. 

‘Robber’s Cave, 780 m,, 29th Feb. 1928, Umrao Singh 317’ 

A strictly annual grass. Culms rather slender and weak, smooth and glabrous, 
up to 10 cm. tall, occasionally twice as tall, sheathed almost to the inflorescence. 
Leaf-blades soft, flaccid, linear, abruptly contracted to a blunt point, up to 6 cm. 
long, 5 mm. broad, scabrid on the margins and on the midrib below, very scabrid 
at the tip, very thin. Sheaths rather loose, herbaceous, smooth and glabrous, 
somewhat inflated at the base of the plant. Ligule membranous, entire, 1-2 mm. 
long, rounded or obtuse at the tip. 

Inflorescence a narrow, oblong, rather open panicle with branches ascending, 
rarely horizontal, and never deflexed ; axis smooth and glabrous, angled ; branches 
smooth and glabrous, in pairs, often a longer accompanied by a shorter, up to 2 cm. 
long, carrying rather remote spikelets at anthesis. Spikelets 4-4.5 mm. long, 3-5 
flowered, oblong-obtuse in shape, with remote florets which occasionally hide the 
joints of the rhachilla, seated, except the terminal, on very short pedicels. Lower 
glume 1.25 mm. long, 0.6 mm. wide, oblong-acute in shape, slightly curved on 
the back, broadly hyaline on the margins, smooth and glabrous. Upper glume 
1.5 mm. long, 1 mm. wide, broadly elliptic-obtuse in shape when flattened, very 
broadly hyaline on the margins and at the tip, 3-nerved, smooth and glabrous. 
Lemma 2.5 mm, long, 1.5 mm. wide, widest above the middle, oblong-ovate-obtuse 
or almost round at the tip, herbaceous in texture, faintly 6-nerved, very broadly 
hyaline at the tip and along the margins, almost straight on the back thickly ciliate 
on all nerves or occasionally thinly ciliate. Wool absent. Rhachilla produced 
and carrying a rudimentary spikelet, smooth and glabrous. Anthers minute, 
0.22-0.33 mm. long. Palea shorter than the lemma, long ciliate on the keels. 

This delicate little species is comparatively rare and is strictly annual. It 
bears only a superficial resemblance to Poa annua. The panicle is oblong in 
shape. All lemmal nerves are hairy, but there is no wool at the base of lemma. 
The anthers are hermaphrodite. The leaves are remarkably thin and are almost 
translucent. 

Aeluropus lagopoides (L.) Drucc in Rep. Bot. Ex. Club. Br. Is. 15 : 603, 1917; Daciylis 
lagopoides Linn. Mant. 33, 1767 ; Aduropus villosus Trin. ex C. A. Mey- 
Verz. Pfl. Cauc. 18, 1831 ; Hk. f. FI. Br. Ind. 7 : 334, 1896. 

‘Model Town, Delhi, August 1953, M. B. Raizada 129/1953, growing on sandy 
bank of a stagnant water canal’. 

A low much branched perennial grass. Distributed throughout the Punjab, 
Sind and Western Peninsula in salt ground, also on alkaline soil. 

Vulpia megalura (Nutt.) Rydb. in Bull. Torrey Bot. Club. 36 : 538, 1909 ; Bor in 
Journ. Bom. Nat. Hist. Soc. 50 : 342, 1951 ; Festuca megalura Nutt, in 
Jour. Acad. Philad. n.s. 1 : 188, 1848. 

‘Saharanpur, March 1891, Q. Wingate’ 

An annual grass. Culms up to 60 cm. tall, slender to somewhat robust, smooth 
and glabrous, leafy almost to the panicle, striatulate, terete, glabrous on the nodes. 
Leaf-blades linear, long acuminate, soft to rather stiff, flat or plicate, rolled or 
involute, up to 20 cm. long, 1.6-3 mm. wide, puberulous on the upper surface with 
short, soft, white hairs, glabrous on the lower surface, scabrid along the nerves on 
the upper surface and also on the margins, smooth on the lower surface ; leaf-sheaths 
tight or loose, the upper somewhat inflated and containing the inflorescence, mark- 
edly striate, smooth and glabrous with hyaline margins which are continuous 
with the ligule, often longer than the internodes ; ligule a hyaline membrane, 
0.5-1 mm. long, 

6 
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Inflorescence a strict, narrow panicle, nodding or erect, with short appressed 
branches, bearing few spikelets which are secund, 6'-25 cm. long, at the most 2 cm. 
broad ; rhachis triangular in cross section, winged on the angles, scabrid on the 
wings, pale with greenish wings, glabrous, branched ; branches short, angled and 
scabrid on the angles, inflated above just below the spikelet, fascicled, binate or 
solitary. Spikelets about 15 mm, long, without the awns, 3~6-flowered, secund. 
Lower glume 2-2.5 mm. long, subulate, acicular, 1-nerved, hyaline on the margins, 
smooth or glabrous or minutely scabrid, nerve green. Upper glume 3.5-5.5 mm. 
long, acicular, 1-nerved, subulate in outline, setaceously acuminate, smooth and 
glabrous, or slightly scabrid on the dorsal surface towards the tip. Lemma 
6.6-7. 5 mm. long, narrowly elliptic-acute, 5-nerved, the central nerve passing out 
into a scabrid awn 10-20 mm, long or more, coarsely scabrid on the dorsal surface 
especially towards the tip, furnished with white hairs on the upper half of the 
margins of the upper lemmas (hairs often missing from the lowest lemma) : palea 
shorter, 2-keeled, coarsely scabrid on the keels ; stamen I ; anther I mm. long : 
mature caryopsis not seen. 

This American species has been frequently confused with Vulpia myuros 
(Linn.) Gmel. (Festuca myuros Linn.) in various collections. The former however, 
differs from the latter in that the lower glume is almost 1.5 mm. long and the 
furnished lemmas are with long hairs on the margins while in Vulpia myuros the 
lower glume is 2.5-3 mm. long and the lemmas are hyaline on the margins. 

Apparently this grass, because of its fodder value, was cultivated at Saharan- 
pur, along with others and has really not acclimatised or naturalized in our area. 

N.B, While this paper was in the press I got further opportunity to critically 
examine the material of the genus Tripogon lodged in the Dolira Dun Herbarium. In 
addition to T. liaboae Stapf already recorded from the Upper Gangotic Plain, T. flliformia 
Nees ex Steud. (Dohra Dun, Duthie 6862, 7761 & 10774) and T, roxburghianus (Steud.) Bhide 
(Qwalior, C. Maries 77) are also foimd with in the area. 
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Abstbact 

1. The contour mothod of studying tho morphology of tho human foot and its deviations 
from tho Intornational Agreement of Anthropometric Measurements have been described. 

2. The human foot can be divided into three types on the basis of the relative lengths 
of the toes ; (i) 1 > 2 ; (ii) 2 > 1 and (iii) 1 == 2. Following Minami they have been called 
T, F and 0 respectively. The different homo-and heterotypes have been described. 

3. In both the rural and urban females the type F occurs in a frequency higher than 
the males and it appears to be sex-limited in nature. 

4. A scheme of 1 1 types of interspaces between the toes has been proposed. The females, 
both rural and urban, show more interspaces than the males. The influence of the footwear 
on the interspaces has been discussed. 

5. Tho forms of interspaces appears to be hereditary. 

6. Tho antbropometric characters, measured from the foot contours of 7 Bengal castes 
and 5 aboriginal tribes of Bihar and Orissa, have been discussed. 


Inteodtjction 

Among the morphological characters of the human foot, the relative lengths 
of the first and the second toes have been the subject of some studies. The largest 
variability, however, appears to occur in the four interdigital spaces (interstitium 
of Martin) between the five toes, which have not been, as far as the present writer’s 
knowledge goes, studied in detail. Martin (1928) appears to have emphasized this 
character of the foot, as seen in the interspace between the hallux and the second 
toe, and his contour drawing of the Senoi feet gives an excellent idea of all the 
interspaces between the toes. 

A study of the interstitium of the toes is only possible from accurate contour 
tracing of the foot. The study of the contour tracings was recommended at the 
International Agreement of Anthropometric Measurements at Geneva in 1912 
(Stewart, 1947) but so far, this method has practically received no serious study. 
The Geneva Agreement did not recommend any specific measurement on the 
contour tracings. Martin recommended this method of study and Osman Hill 
(1941) has applied it in his study of the Vedda foot. The contour method facilitates 
the study of the many morphological characters of the foot, i.e., the length and 
breadth, the relative lengths of the first and the second toes, the angle of divergence 
of the hallux and the four interstitia between the toes. Thus, with these eight 
morphological characters it can serve an useful purpose of identification in crimino- 
logy and forensic medicine. 

In the present paper the contour method of study has been applied on five 
aboriginal tribes of Bihar and Orissa and a few caste groups, urban and rural, from 
Bengal. The urban Bengali data have been collect^ from the city of Calcutta 
and the rural data from the village of Dakshingram, Birbhum, West Bengal 
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Method of Study 

In taking the contour of the foot, the subject is seated on a low stool so that 
the foot reaches the ground. The subject is then asked to place his foot lightly 
on a sheet of paper, the leg being perpendicular to it. The investigator then 
kneels before the toes of the subject and the left hand is placed on the arch of the 
foot. A thin pencil, with the lead exposed long, is held vertically and the outline 
is started from the middle point of the heel. IVom this point the outline is traced 
along the lateral margins of the foot. The two lateral borders being thus tlrawn, 
the toes and the interspaces in between them are carefully drawn. Only the 
natural interspaces are drawn and the lead of the pencil is slipped in only when 
an interspace is visible before the meeting point of the two toes. Before the subject 
is asked to remove his foot the two landmarks, metatarsale tibiale and metatarsale 
fibulare, are marked on the outline. 

The above method thus appears to be slightly different from that suggested 
by the International Agreement. The latter recommends the contour of the foot 
to be drawn in the same manner as the hand in which, the fingers have to be ‘Very 
slightly separated’’. It appears to the present writer that this process is not 
probably possible in the toes, firstly, because of their much lesser lateral mobility 
and secondly, any attempt at movement will cause distortion of the contour of 
the whole foot. The toes are difficult to be separated singly and laterally, like 
the fingers. The other recommendation of marking “the extreme end of each 
interdigital cleft” with a dot is not probably possible in all feet. Its purpose is 
also not explained. The extreme end of the interdigital cleft, where it is easily 
visible, will automatically be drawn in the procedure followed in the present study ; 
but where the extreme end of the interdigital cleft is not visible, it has to be 
mechanically splayed out for dotting, which is likely again to distort the contour 
drawing. It is, therefore, desirable to look for the natural interspaces only. 

The inner border of the foot is, of course, “always unreliable” but to complete 
a contour and to give the shape of a foot, it should be drawn and not left out. 


Relative Lengths of First and Second Toes 

The hallux usually attains the greatest length while the second toe occasionally 
surpasses the first toe in length. The third toe is also found to be the greatest 
in length in very rare instances (Wood Jones, 1949). In some cases the hallux 
and the second toe are found to be of equal length. Thus, on the above basis there 
can be three types of human feet : 

1 > 2 ; 2 > 1 ; 1 = 2 

Hawkes (1912) proposed the symbols L (LL) for 1 > 2, S (SS) for 2 > 1 and 
E (EE) for 1 = 2 for the main homotypes in the right and left feet while six other 
symbols were used for the six heterotypes (LS-A ; SIr-B ; LE~C ; EL~D ; SE~G ; 
ES-H), the symbol on the left standing for the left foot and that on the right for 
the right foot. Minami (1962) proposed T (tibial) for the hallux being greater, 
P (fibular) for the second toe being greater while 0 for both the toes being equal. 
The last, according to him, is a transitional type. He did not propose any symbol 
for the heterotypes and remarked that “there are no clear differences in these 
frequencies of heterotypes”. This appears to be true in the case of the data 
presented in this paper. The frequency of the homotypes is predominantly higher 
than those of the heterotypes. The foetal researches of Schultz (1924) and Minami 
show that there is a clear racial difference among the three races, White, Negro 
and Mongolian, in the frequency of each of the above types. 
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Table I 


Relative Lengths of the I tb II Toes (Rt & Lt) 


Sr. 

No, 


Castes 

Sex 

No. 

1>2 

T 

2>1 

F 

HO 

Bemarks 

1. 

Bengal Low Castos 

male 

160 

124 

30 

6 

Bural 





0/ 

/o 

77.60 

18.76 

3.76 


2. 

tt 

Artisan „ 

>y 

134 

105 

24 

5 

tt 





0/ 

/o 

78.36 

17.91 

3.73 


3. 

tt 

Muslims 

s> 

54 

40 

12 

2 

tt 





% 

74.07 

22.22 

3.70 

4. 

It 

Brahmans 


130 

98 

22 

10 

tt 





0/ 

/o 

75.38 

16.92 

7.69 

5. 

ft 

»» 

female 

62 

36 

15 

1 

tt 





% 

69.23 

28.85 

1.92 

6. 

tt 

High Castes 

male 

240 

214 

18 

8 

Urban 





0/ 

/o 

89.17 

7.50 

3.33 

7. 

ft 

tt tf 

female 

100 

78 

16 

6 






% 

78.0 

16.0 

6.0 




Tribes 







8. 

Juang 


male 

86 

79 

3 

4 

Bural 





0/ 

/o 

01.86 

3.49 

4.66 


9. 

Oraon 


it 

88 

82 

6 

1 

tt 





% 

93.18 

5.68 

1.14 


10. 

Pahira 


tt 

58 

46 

7 

6 

tt 





% 

79.31 

12.07 

8.62 


11. 

Mundari 

tt 

90 

73 

12 

5 

tt 





% 

81.11 

13.33 

5.56 


12. 

tt 


female 

18 

16 

2 

1 

tt 





% 

83.33 

11.11 

6.66 



Locality 


Birbhutn 
(W. Bengal) 

»> 


tt 


ft 


tt 


Calcutta 


rr 


Orissa 


Banchi 


Manbhum 


Banchi 


tt 


Table 1 shows the frequency of the above three types in the various castes and 
tribes of Bengal, Bihar and Orissa. All of them predominate in having the high 
frequency of the hallux (type 1 > 2) being greater than the second toe and it is 




of Iht Homo df Hetero Types 


212 s. S. SAKRAE : MORPHOI-OGIOAL OHABAOTBBS OP THE HtTMAK POOT 



female 



S. S, SARKAR : MORPHOLOGICAL OHARAOtBRS OP THB HUMAN POOT 213 


true in the case of the female groups as well. In the latter sex, however, excepting 
the Mundari females, the frequency of the type F (2 > 1), appears in a much higher 
frequency than the males. Among the male rural Brahmans its frequency has 
been found to be 16.92 per cent in comparison to 28.85 per cent in the females. 
Among the urban high caste Bengali women its frequency of 16 per cent is more 
than double the male percentage of 7.5 per cent. The other type 0(1 = 2) occurs 
in a low frequency of 1.92 per cent among the rural Brahman females while it 
occurs in 7.69 per cent among the males. The urban samples, however, show 
just the contrary picture — ^the females (6 per cent) showing almost twice that of 
the males (3.33 per cent). 

The rural and the urban samples of the two high caste groups also differ 
considerably from one another. Among the males the frequency of the type T 
shows a considerable increase among the urban peoples (89.17 per cent) as against 
75.38 per cent of the rural group while the other two types F and 0 occur in much 
higher frequencies among the latter group than the former. Type F occurs in 
16.92 per cent in the rural group as against 7,50 per cent in the urban group while 
the type 0 occurs in 7.69 per cent and 3.33 per cent in the rural and urban res- 
pectively. In respect of the female sex, the male order is retained in the case of 
types T and F while in the type 0 the urban females (6 per cent) show a higher 
frequency than the rural females (1.92 per cent). 

It is difficult to explain this rural-urban difference at this stage though the 
use of shoes by the urban peoples deserves a mention. The second toe sometimes 
shows a curvature of the terminal phalanx and this might cause a reduction in its 
length when tight-fitting shoes are worn. Such a foot is likely to be diagnosed as 
belonging to type T. 

The sexual difference in the second toe appears to be genetic. Hawkes drew 
attention to the sex-limited nature of the F type of foot, which occurs more 
commonly in the females than in males. The T type of foot was also found to 
behave irregularly dominant over the F type of foot. According to Hawkes, 
besides the heterozygotes TF, Fl\ etc., both T (TT) and F (FF) behave as hetero- 
zygotes — ^the former in the males and the latter in the females. 

In course of the present study, which for obvious reasons, has to be morphologi- 
cal first of all, some pedigrees were also collected and they will be discussed after- 
wards. Before we take up the pedigree material it will be worthwhile, first of all, 
to discuss the different homo and hetero-types in the general population. Hawkes 
has differentiated two heterozygotes, according to the right and the left limbs, 
i.e., A for the right foot showing F and the left foot showing T, while B for the right 
foot showing L and the left foot showing S. In Table II the percentages of the 
various combinations have been shown : 

It will be seen from the above table that the homotype TT occurs in the highest 
frequency while FF in the next highest in the majority of cases, the excep- 
tions being the urban high caste Bengali females and the Mundari males. In 
both the latter cases, the heterotype TF occurs in the next highest frequency. If, 
however, the two heterotypes TF and FT are added together the second position 
of FF is considerably altered in the majority of the samples. The high frequency 
of 23.08 per cent of the homotype FF in the rural female Bengali Brahmans, how- 
ever, stands in sharp distinction from 2.0 per cent of the same type in the urban 
high caste female Bengalis. The homotype 00 appears to be very rare — only 6 
instances have been found in course of the present study. Hawkes did not find 
any instance of the heterotypes of 0 in England. It is also a rare type in this 
country. 

7 
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Heebdity op the Foot Types 

The following pedigrees (A, 1-12) were collected in course of the morphological 
studies of the foot. 


1 

cr 9 



TT TT TT TT TT TT TT TT 



TT TT TT TT FE 


5 



TT TT TT TT 

5 


o» 9 



TT TT TT FT TT 



PEDIGREES A 
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For facilities of comparison Hawkes’ pedigrees (B) have been converted into the 
symbols followed in the present paper and are reproduced below. 

HAWKES DATA (1912) 

TREE B 



TT TT TT TT FT TT 


TREE C 

cf 9 



TT TT TT TT TF TT TT TT TT TT 


TREE D 

cf 9 

FF - I TT 
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HAWKES* DATA (1912) 


TRBE ■ 



TREK F 



FT TTtPF TF TF TT TF 


TT TT TF FF 

TREK & 



PT TT FF TT FF TT TT TT FF TT TT TT TT TT TT TT TT TT 


TREE H 



TT FF TT TT TT TT TT FF TT TT FF TT TT 


PEPIGREES B 
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It will be seen from the above pedigrees that when TTxTT are crossed there 
are always chances of having TT children, which indicate that this type breeds 
true. An exception is, however, met with in Pedigree 6 where an FT child is born 
out of such a union. This child was found at the time of first enquiry to have 
the second toe of his left foot longer than the first. He was investigated again 
at the time of writing when he was found to belong to TT, The complete data 
are as follows : 


Date 

Ago 

Left 


Bight 




I 

II 

I 

II 

22-12-54 

12 

203 

203.6 

202 

198 

21-2.67 

14 

237 

231 

236 

228 


There are thus chances of young children showing a different picture with the 
increase of age. This solitary example, however, goes against the observation 
of Hawkes who suggested that the ‘‘adult condition as regards toe type is reached 
by the age of two years”. As a matter of fact, the present writer excluded all 
children below two years of age on the basis of the above suggestion of Hawkes. 

Hawkes has also found 4 instances of TF or FT children in TTxTT matings, 
but these four (exceptional cases were not investigated after a certain interval. 
Their ages are also unknown. 

The dominance of TT over the other phenotypes PF, FT, 00, etc., is how- 
ever, apparent. In Pedigree 3, though the mating TT x FF has resulted into all 
TT children, there are possibilities of FF or FT types, as will be evident from the 
data of Hawkes. Even an 00 type has been found to occur in the above mating. 
Hawkes has recorded 25 matings of the above type and suggested a partial dominance 
approximating to 2.76:1. Data for FFxFF matings are too few. Hawkes 
found only two instances and the present author only one (Ped. 6). Hawkes found 
one TT child in a total of 9 children while the present data show one child each of 
TT and FF. 

The matings involving the heterotype FT are only 2 in number (Ped. 6a and 
12) and in the mating with each of the homotypes TT and FF an 0 child has come 
out. Both these two children are below 10 years of age. 

Hawkes did not find any case of combinations of the 0 type and as such her 
pedigree material is not complicated with this genetic factor. The present writer 
has found all the three adult combinations 00, OT and OF and in the two Pedigrees 
7 and 11, two matings with adult children are seen : 

^ OFx ?FT— FF ? 

^ TOx ?FF — FO cJ 

It will be apparent from the above scanty data that 0 also behaves hereditarily and 
the dominance of T over it is also indicated. 

It is, however, worthwhile to point out that in the study of the heredity of the 
foot types or in the collection of pedigrees, sufficient time should be allowed for the 
completion of growth in the foot of the children. It appears that Hawkes’ estimate 
of 2 years is probably too low, and children below 14 years of age cannot always 
be reliably taken into account. Growth studies, however, are necessary to arrive 
fit the exact figure at which the obild’s foot ceases to grovTt 
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Intebspacks 

A Study of the interspaoes between the toes shows the following 1 1 types (Fig. 1). 
They are : 

1. Goalesoent 

2. Slit-like 

3. Tubular 

4. Bulbous 4a. circular basej; 4b. triangular base. 

6. Beotangular 

6. V form 6a, elongated ; 6b. constricted. 

7. U form la. wide ; 76. constricted. 

8. Y form 

9. Hooked 

10. M form 

11. Pointed 



9 9 9 9 9 10 11 « 11 H 

Fig. 1. Forms of interspaces. 

The distribution of tibe above 11 types has been studied in the two sexes of 
two populations only — (i) Urban Bengali and (ii) Rural Bengtdi Brahmans. 
Sexual dif ference also appears to be very much marked in this character. It has 
been found that in both the rural and urban populations the females, as a whole» 
show more interspaoes between the toes than the males. It will be evident froii) 
tbo following table (TSible V) extrftett4 Wt pf Tables JII i^nd IV, 



Percentage Frequency of Interspace Forms {cf. Fig. 1) 
(Urbffli Bengali) 
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210 



PercerUage Frequeticy of l7iterapace Forms {cf. Fig. 1) 
(Riial Bengali Brahmans) 



520 26 26 26 26 26 26 26 26 208 



d. S. SABltAE : MORPHOLOOICAL CHAKAOTEBS OF tHB HUMAN FOOT 221 


Table V 

Frequency of Interspaces (in %) 


Characters 

Urban 

Bengali 

Rural 

Bengali Brahmans 

male 

female 

male 

female 

No interspace in cither foot 

21.55 

4.0 

16.02 

0 

»» *t 

„ right „ 

12.07 

2.0 

10.77 

0 

ft tf 

„ loft 

5.17 

2.0 

1.54 

0 

ft ft 

.. per 

30.17 

6.0 

23.08 

0 


It will be apparent from Table V that the urban Bengali females show 
a significantly low percentage of the absence of interspaces between the toes than 
the urban males, while in the case of rural females this character of the foot is 
present in all. The interspaces, therefore, appear to bo more a characteristic of 
the female foot than the male foot. 

As regards the other interspaces, the I interspace (between hallux and the II toe) 
occurs in the highest percentage, excepting for the rural females, among whom 
the interspaces I-III occur in almost equal percentages. The IV interspace 
(between the IV toe and the little toe) occurs in the least frequency in all excepting 
the rural females. A wide variability is seen in the two sexes and also between 
the rural and urban samples. The detailed data for the left and right sides com- 
bined together are given in the Table VI below. 

Table VI 

Frequency of Interspaces (Rt,~\-Lt., in %) 







Rural 






male 



female 


Types 

I 

II 

III 

IV 

I 

II 

III 

IV 

“ No ” 

33.08 

51.55 

60.77 

63.35 

9.61 

7.69 

9.61 

34.62 

Others 

(Pig. 1.) 

66.92 

48.45 

39.23 

36.65 

91.39 

92.31 

90.39 

65,38 






Urban 






male 



female 


Types 

I 

II 

III 

IV 

I 

II 

III 

IV 

“ No ” 

39.17 

81.90 

84.49 

96.88 

15.0 

46,0 

50,0 

74.0 

Others 
(Fig. 1.) 

60.83 

18.10 

15.61 

3.12 

85.0 

54.0 

60.0 

26.0 


In urban males the I interspace occurs in 60.83 per cent while in the females 
it is found in 85 per cent. In rural males and females the same is found in 66.92 


8 
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Table 

Statistical Constanta 


Foot Length (mm) Foot Breadth (mm) 

Sr. Caste or Tribe — 


no. 

No. 

Range 

Mean S.F. 

Range 

Mean i S.E. 

<? 

1. Bengal Low Castes 

160 

216-282.5 

244.35i0.89 

84-110.5 

g5.44±0.42 

2. Bengal Artisan Castes 134 

217-285 

248.30il.08 

84-113 

96.80±0.46 

3. Bengal Muslims 

54 

219.5-258 

241. 70i 1,46 

86-113 

96.89±0.73 

4. Rural Brahmans 

130 

213-279 

246. 26i 1.01 

75-109 

94.78±0.61 

6. „ Urban High Castes 240 

220-284 

263.30i0.73 

84-113 

98.63±0.36 

6. Juang 

86 

211.5-268 

241. 96i 1.26 

86.6-118 

95.90±0.62 

7, Oraon 

88 

225-279.6 

269. 90i 1.12 

84-116.5 

101.20±0.69 

8. Pahira 

58 

191-267 

229. 70i 1.60 

75-109 

92.80±0.93 

9. Mimdari 

90 

227-274 

251. 20i 1.14 

88-116 

100.30±0.66 

10. Vedda 

26 

173-249 

230.00i2.66 

71-103 

85.34±1.45 

11. Abor 

84 

212-274 

241. 06i 1.09 

— 

— 

? 

1. Abor 

10 

219-239 

228.3 

— 

— 

2. Mundari 

18 

198-253 

227.0 

86.6-97 

90.94 

3. Beng. Rural Brahmans 52 

209-247 

228, 80i 1.25 

77-96 

86.61±0.66 

4. „ Urban High Castes 100 

206-251 

226. 40i 1.08 

72-106 

87.13±0.66 
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VII 
of Foot 


Leng. Br. Index of Foot 

Hallux Divergence Angle 

Author 

Range 

Mean ± S.E. 

Range 

Mean ± S.E. 

36.66-44.17 

39.77±0.17 

4.6M0^ 

6.87'‘±0.16 

Present study 

34,41-44,76 

38.72±0.16 

4®-9® 

6.76®±0.17 

it 

37.37-46.82 

40.17±0.27 

6‘>-8.6‘' 

6.72°±0.23 

>» 

33.01-43.30 

38.62±0.17 

4.6M0.6‘’ 

6.42“±0.20 

tt 

34.68-46.00 

39.00±0.11 

4®-9° 

6,48®±0.13 

ff 

36.12-46.12 

39.73±0.20 

4"-10® 

6.86'>±0.20 

99 

36.96-44.23 

39.83±0.20 

4.6®-9® 

0.68”±O.22 

99 

36.91-44.21 

40.40±0.26 

6.6M0.6^ 

6.98®±0,27 

99 

32.37-43.98 

39.98±0.23 

4.5"-9.6‘^ 

6.26‘=’±0.22 

99 

31.42-41.37 

36.46±0.41 

— • 

— 

Osman Hill 

— 

— 

— 


Kemp 



— 

— 

Kemp 

36.96-43.94 

39.67 

— 

— 

Present study 

34.70-41.86 

37.89±0.32 

4.6M0® 

6.60‘’±0.24 

99 

32.68-44.29 

38.67±0.23 

4.5M0® 

6.70°±0.26 

99 
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per cent and 91.39 per cent respectively. Correspondingly the IV interspace 
occurs in urban males and females in 3.12 per cent and 26 per cent respectively 
while in the rural Bengali Brahmans it is seen in 36.66 per cent and 65,38 per cent 
in males and females respectively. 

The II and III interspaces appear in almost equal frequencies. They are 
found in 18.10 per cent and 15.51 per cent respectively in urban males ; in 64 per 
*cent and 50 per cent respectively in urban females ; in 48.46 per cent and 39.23 per 
cent respectively in rural males and in 92.31 per cent and 90.39 per cent respectively 
in rural females. 

It will be apparent, therefore, that a wide sexual variation is present in all 
the four interspaces while the rural-urban variation is manifested mostly in the 
three interspaces IT, III and tV, The I interspace shows the least of it. 

The rural percentages are always higher than the urban, particularly in the 
case of II-IV interspaces ; only in the case of I interspace do they nearly agree 
with one another. The rural-urban difference also appears to be higher in the case 
of males than the females and in the case of the IV interspace, the rural value is 12 
times that of the urban. The position of the little toe may here be mentioned. 
It was observed in the case of a large number of urban samples that the little toe 
does not touch the ground but appears as an appendage at a slightly higher level 
and directed upwards. This upward direction of the toes is also more a character 
of the rural people than that of the urban, whose toes show a tendency to curve 
medially and downwards, particularly in the case of the IV and the V toes. 

Wood Jones has pointed out that the little toe ‘‘suggests phylogenetic decrepi- 
tude” and the wearing of the boots has nothing to do with its general anatomical 
condition. Its structural changes are due to the demand of “functional require- 
ments” and it is not a “degenerating member” of the human foot. He, however, 
mentions that “the boots of civilization often serve it badly”. Whether the wearing 
of tight shoes in childhood, as is seen commonly in the cities, has any effect in 
shaping the toes or not, they are probably effective in obliterating or lessening the 
natural interspaces. Urban school children, below tlie ages of 12, show a tendency 
to wear tight-fitting shoe, so that the whole foot is encased as a compact whole. 
The rural-urban difference in the frequency of the interspaces, II, III and IV may 
have its origin in the use of footwear, which is commoner in the cities than in the 
villages. Shoes are a handicap in the villages, both from the social and ecological 
point of view. 

The different forms of interspaces (Fig. 1) also show very clearly the sexual 
and the rural-urban variation. In urban males, the absence of interspaces occurs 
in 75.66 per cent (Table III) which renders the other forms of interspaces almost 
inconspicuous — ^the highest percentage of 4.53 is met with in the form 4a (bulbous 
with circular base). The next highest form is seen in 4b (bulbous with triangular 
base) with a percentage of 3.02. The rural males, on the other hand, show the 
absence of interspace in 62.31 per cent (Table IV) and the interspace form 1 (coalesced) 
occurs in the highest percentage of 10.96. The next highest percentage is seen 
in the form 4b (7.31 per cent). There is, however, a high element of the bulbous 
form in the urban sample, which is also shared by the rural people in addition to 
the coalesced form (type 1, Fig. 1). The bulbous form of interspace is also pre- 
dominant among the females, both urban (16.75 per cent) and rural (18.27 per 
cent). The next highest form is seen in the types 3 and 7, which occur inter- 
changeably in the two female samples. In urban females, t 3 rpes 3 and 7 occur in 
the equal percentage of 6.26, while in the rural sample the former type appears 
in 6.73 per cent and the latter in 16.39 per cent. 

These observations are in harmony with our previous remark that the rural- 
urban difference is greater in the males than in the females. We have also shown 



S. S. SABKAR : MOBPHOLOGIOAL CHABAOTBBS OP THE HUMAN FOOT 226 


that the female foot shows more interspaces than the male foot. The cause of the 
rural-urban variation in the interspaces of the male foot probably lies, as already 
mentioned, in the footwear. The coalesced type of interspace may be easily 
obliterated due to a tight shoe and the male rural frequency of 10.9() per cent has 
been reduced to 1.83 per cent in the city.. On the other hand, the bulbous type 
of interspace is probably the least affected by a footwear. The latter might cause 
the two toes to touch each other at the upper end due to lateral pressure, but the 
lower bulbous space, which is formed by the two lateral depressions at the base 
of the toe, almost remains unaltered. The rural-urban difference in the bulbous 
type is not so great as in the case of the coalesced type (1) ; it is 7.66 per cent for 
urban and 10.96 per cent for rural. 

The higher frequency of interspaces in the females than in the males might be 
associated with the same sexual relationship in respect of the F type of foot, with 
its II toe longer than the hallux. Both the characters behave hereditarily and 
only further researches can lead us to useful conclusions of applied value. The 
Poli(;e authorities now retain foot prints along with finger prints for all undertrial 
prisoners. It will be useful to retain a foot contour as well with all interspaces, 
since the peculiarities of the toes and the interspaces may provide additional informa- 
tion for identification. 


Heredity of Interspaces 

The form of the interspaces also appears to be hereditary. The presence of 
interspaces appears to be dominant over “no interspaces” as will be apparent 
from the interspaces of Pedigree 4 (Fig. 2). 

Similarly, in Pedigree 1, while both the parents have interspaces, they are some- 
what marked in the mother and the M form (Pig. 1, No. 10) of interspace (Fig. 3), 
which has also been found in other members of the mother*s family, is inherited 
in the children. Other pedigrees also bear out the heredity of this M form of inter- 
space. 


Anthropometric Characters 

The anthropometric measurements of the foot comprise : (1) foot length, 
(2) foot breadth and (3) hallux divergence angle. They are shown in Table VII 
along with the length-breadth index of foot, calculated from (1) and (2) given 
above. All the above measurements are taken on the outline (Figs. 4 and 5). 
In measuring the foot length, the greatest length has always been taken into account. 
A 300 mm. long sliding cliper was used for this purpose. 

The statistical constants of the foot of the various peoples are given in Table VII. 

It will be apparent from the above Table that the Pahiras (229.70±1.60) of 
of Dalma Hills, Manbhum show the smallest length, closely followed by the Veddas 
(230.0±2.66) of Ceylon, while the Oraons (259.90± 1.12) show the greatest length 
of all. The Oraons also show the highest breadth of all (101.20dr.0.69) while the 
lowest breadth is seen among the Veddas (86.34^1.45). The Pahiras rank next 
to the Veddas in foot breadth (92.80i0.93). Thus, both in length and breadth 
the Pahiras appear to be closer to the Veddas than the other groups — a fact which 
is also confirmed by other studies. The Oraons appear to be closer to the Mundas 
in foot breadth only ; in foot length they stand wide apart. 

The male rural Brahmans and the urban high castes show significant differences 
both in the length and breadth of the foot, while the females of the two groups 
appear to be close to one another. The rural females show a slightly greater length 
and lesser breadth than do the urban and they appear to be significantly similar to 
one another (V for length ~ 1.46 ; V for br^th == 0.60), 
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Pedigree showing heredity of interspace (M from) 
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The differences, found in respect of the absolute length and breadth of foot, 
are, however, evened out when the length-breadth index of foot is taken into consi- 
deration. In absolute length and breadth the rural Brahmans and the urban high 
castes were found to differ significantly, the values of ‘t’ have been found to be 
6.64 and 6.26 respectively, whereas in respect of the index, the value of ‘t’ is 1.90, 
indicating a close relationship between the two. The females of the above two 
groups show the value of ‘t’ to be 1.74 in respect of the above index, whereas the 
same for the length and breadth are 1.45 and 0.60 respectively. Similarly, the 
Mundari group shows an affinity in respect of this index, with the other aboriginal 
groups, Juang (‘t’ = 0.83), Oraon (‘t’ = 0.50) and Pahira (‘t’ = 1.20). They show 
close affinity with the Muslims (‘t’ = 0.63) and the Bengal low castes (‘t’ = 0.72). 
The latter caste group also shows close affinity with the Muslims (‘t’ = 1.26), 
Juang (‘t’ = 0.16) and Oraon (‘t’ = 0.23). 

In the hallux divergence angle the least divergence of 5.86i0.20° has been 
found among the Juangs while the highest divergence is seen among the rural artisan 
castes of Bengal (6.7e±0.17°). The range of variability does not appear to be 
great in the (Afferent samples studied in this paper. 
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ON THE STRUCTUEE AND LIFE-HISTORY OF A NEW SPECIES 

OF ANABAENA 

(A, RANDHAWAE SP. NOV.)* 
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Abstract 


A detailed account of the structure and life-history of a now species of Avmhama (A. 
Randhawae sp. nov.) has boon given here. The alga is characterised tby terminal heterocysts 
and spherical akinetos which aro usually remote from the hoterocysts but are extremely variable 
in position. 


Introduction 

The object of the present communication is to describe the structure and 
life-history of a new and interesting form of Anabaerui, which was found free- 
floating in one of the rain-water puddles on 5th January, 1957, inside the Indian 
Agricultural Research Institute grounds. New Delhi, India. 

General morphology 

The plant body consists of a broad mucilagenous expanse, the outer layer 
of which is firmer than the inner, enclosing numerous trichomes. Very rarely, 
an individual sheath is also discernible around some trichomes, after prolong^ 
immersion in the aqueous methylene blue (Text-fig. 2). 

The cells are barrel-shaped, 3.8“4.7/^ broad and 3.8-5.7/4 long. The cross 
wall regions are constricted. The cell contents are coarsely granular and blue 
green in colour. The cell wall is coloured light blue after treating with iodine and 
sulphuric acid. The end cell is rounded (Text-fig. 1). 

The heterocysts aro usually intercalary, but also occasionally found to occupy 
the terminal position and in such cases the heterocysts are terminal at one end 
of the trichome only (Text-fig. 3; PI. XX. Fig. 1). The contents are homogenous and 
pale blue green in colour. The heterocysts are more or less barrel-shaped with 
flat ends or sometimes spherical in shape; 5,7-6.6/4 broad and 4.7~6.6/( long. The 
wall of the heterocysts shows the usual deep blue colouration with iodine and 
sulphuric acid. 

During akinete formation, any vegetative cell which is to form an akinete, 
becomes richer in contents, increases in size and finally develops a thick wall around 
it, while the other adjoining cells maintain their original barrel-shape. The akinetes 
are usually formed remote from the heterocysts (Text-fig. 7), but occasionally 
they are contiguous to the heterocysts also, viz., one on either side or one to many 

♦ Named after Dr. M. S. Randhawa, Vice-President, I.C,A.R., for his valuable oontri* 
butions to the held of Algology. 
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Text-figs. 1-10. Andbaena randhawae sp. nov. Fig, 1, portion of a triohome showing the 
spherical end cell; fig. 2, part of the triohome enclosed by an individual sheath; fig. 3, trichome 
with a terminal heterocyst; figs. 4-6, akinetes oonti^ous to heterocysts; fig. 7, alanetes remote 
from heterocyst; figs. 8-^10, difierent stages of germination of the akinetes. (Ail figures under 
X 1600). 
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on one side only or a short chain on either side of the heterociysts (Text-figs* 4, 5, 6) 
The contents of the mature akinctes are granular, occupying the whole protoplast. 
The outer envelope is thick, smooth and dark brown in (jolour. The akinetes are 
spherical, 6. 7- 7. 6/^ in diameter* 

Germination op the akinetes 

The akinetes were found to germinate in (Text-figs. 8-10; PI* XX. Figs. 2-5). 
Prior to germination, the contents of the akinetes contract from the wall and in 
some cases the akinetes themselves slightly elongate with a slight median constric- 
tion (Text-figs. 8, 9), The contents divide transversely into two to form a 
two-celled germling (Text-fig. 9: PI. XX, Fig. 2), which later undergoes further 
transverse divisions to form a trichome. The wall of the akincte was found to 
thin oflT at the point of rupture in the median portion and the dissolution of the 
akincte wall at this region may be probably due to some enzymatic action although 
a mechanical stretching force may also be operative due to the increasing number 
of tlie cells of the germling. Germlings up to four-colled stages were clearly seen 
inside the mother akinete wall (PI. XX. Figs. 3, 4). In some cases the terminal cell 
of the germling is transformed into a heterocyst thereby arresting the further 
develojuiumt of the trichome on that side (Text-figs. 9, 10). 

Systematic position 

The ])re8ent form in its more or less straight trichomes and variable position 
of the akinetes resembles A, werneri Briinn., A. scheremetievi Elenk., and A. plank- 
tonka Briinn., but differs from the first in its much narrower tric^homes, heterocysts 
and akinetes, in the absence of pseudovacuoles, in the occasional terminal heterocysts. 
A, schpremetievi differs from the present form in its S-forming trichomes, broader 
trichomes, occasional ellipsoidal akinetes and trichomes enclosed within a broad 
mucilage. A. planktonica differs in having a broad mu(;ilage, smaller cells, 
planktonic habit and in the absence of terminal hetoocysts. This form resembles 
A. sphaerica, A.fertilminm, A. spiroides, A. gelatinicola and ^4. anomala in possessing 
spherical akinetes but differs from all mainly in having akinetes extremely variable 
in }>osition and in possessing terminal heterocysts. The presence of terminal 
heterocysts brings this form near to A. oryzae Fritsch, but the latter differs in 
having the akinetes characteristically next to the terminal heterocysts and in the 
attenuating trichomes with a conical terminal heterocyst. 

The present form may, therefore, be regarded as a new species of Anabaena 
and it is proposed to name it as Anahaem randhawae sp* nov. 

Diagnosis 

Amhaena randhawae sp. nov. 

Trichomes more or less straight, embedded in a broad mucilage; trichomes 
with occasional terminal spherical heterocyst at one end of the trichome; cells 
barrel-shaped, 3.8-4.7X 3.8-5.7/a; heterocysts barrel-shaped to spherical, 5.7-6.6X 
4.7-6.6/a; akinetes spherical, usually remote from the heterocysts, less commonly 
contiguous to the heterocysts; 5.7-7.6/a in diameter* 

Habitat : Free-floating in a rain water puddle inside the Indian Agricultural 
Research Institute grounds. New Delhi, India, January 5, 1957. 

Anabaena randhawae sp* nov. 

Trichomata plus minusve recta, immersa in gluten copiosum trichomata 
nonnumquam ad unum apicem ornata heterocystis singulis; cellulae dpliiformes, 
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3.8-4.7x3.8-5.7/t; heterocysta doliiformia vel sphaerica, 5.7-6.6 X 4.7-6.6^; akinetes 
sphaerici, ut plurimum remoti a heterocystis, rarius eisdem contigui, diametientee 

5.1-1.6/1. _ . . T .• 

Typus leotus nataiis in vado aquae pluvialis in campo Instituti Iiidici Investi- 
gationis Agricoloae, in urbe New Delhi, die 5 januarii anni 1957. 

Discussion 

Fritsch (1949) basing his classification on the shape of the akinetes, divided 
all the species under three groups, viz., akinetes spherical or subspherical, ellipsoidal 
and cylindrical. Under ‘spherical or subspherical’, he further classifies the species 
according to the position of the akinetes, whether contiguous to or remote from 
the heterocysts. Begarding the position of the akinetes, Fritsch (1949) states, 
“most of the species, which normally form their akinetes from cells contiguous 
to heterocysts, only rarely depart from their habit. On the other hand, species 
forming series of akinetes from cells not adjoining the hctcrocysts, do occasionally 
form one next to a heterocyst.” In the present form though usually the akinetes 
are remote from the heterocysts, it is not uncommon to find either a single or a 
chain of akinetes contiguous to the heterocysts and the author is convinced that 
every cell is potentially capable of transforming into an akinete (Vcnkataraman, 
1957). 

Since the formation of the akinetes remote from the heterocysts is the usual 
feature in the present form, it is thought advisable to place this alga along with 
the species which form spherical akinetes remote from the heterocysts like 
A. fertilissima and A, gelatmicola, although the present form is extremely variable 
in forming very frequently its akinetes contiguous to the heterocysts. 
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J Anabacna r(i}i(Ui(tw(tc nov. Kig. 1. Trichomo willi a. ((‘nuiiial lieterorysl ; 
Kig. 2-.“). Stagers in gmui nation of akmetos; Fig. 2. Two-col led gerinling; Fig. 3. Throo-eelled 
gerinling; Fig. 4. Four-relltui gennling; Fig. o. Four young gennlings with the brokiai akinete 
mother wall enclosing the basal portion of the goriulings; (Noh* in Figs. 2-4, lla* akinete w^all 
enclosing the gerinling; Figs. 1-4. X240(); Fig. n. x 1600). 





CERTAIN RADIATION-INDUCED MORPHOLOGICAL ABNORMALITIES 
IN CROTALARIA JUNCEA L. 

hy M. G. Sbivastava, Department of Botany, Bose Research Institute, Calcutta 9 
(Communicated by D. M. Bose, F.N.I.) 

(Received April 17 ; read June 26, 1958) 


Abstract 

The Xj, Pi and Si progenies of Crotalaria juncea L. raised from the seeds exposed to 
X-rays, bota-rays from P'*- and S^s have boon studied. 

A largo number of morphological abnormalities like fasciation, lateral and base branching 
of the stems, splitting of leaves, sectorial chimaera and flowers with abnormal parts, etc., have 
been recorded. 

The nature and significance of these abnormalities have been briefly discussed and it 
has been suggested that many of these abnormalities are non-genetical, arising as a result of 
physiological disbalance caused by the irradiation. 


Introduction 

The importance of radiations in induced mutagenesis and crop improvement 
needs no emphasis. Various types of radiations like X-rays, beta-rays, y-rays, 
ultraviolet rays and neutrons are now being used in a variety of crop plants all 
over the world and in many cases significant results have been obtained. 

In Crotalaria juncea L., which is an important substitute fibre crop of India, 
the work was started with a similar view to isolate economic mutants with higher 
yield and/or better cjuality of the fibre. 

The present paper deals with certain interesting morphological abnormalities, 
hitherto not recorded in this plant, obtained in the course of a preliminary dose 
trial experiment. 


Material and Methods 

Seeds from a pure strain of C, juncea were exposed to the following radiation 
treatments at the atmospheric temperature and moisture conditions. 

(i) X-rays — from a Philips Contact and Cavity Therapy apparatus working 
at 50 Kv and 2 mA, at three different doses, viz., 

(a) 5,000 r 

(b) 10,000 r 

(c) 15,000 r 

(ii) Beta rays — ^from radioisotopes of Sulphur and Phosphorus (in aqueous 
medium) obtained through Messrs. Philips India (Private) Ltd., as follows : 

(a) P*2 — Initial activity 572.0 pc for 2 durations, viz., 24 and 48 hours. 

(b) S®®— At an initial activity of 909.0 /ic for 24 and 48 hours durations. 
Seeds thus treated, were washed to remove the superficial isotope and were grown 
in pots as well as under field conditions and the data with regard to germination, 
mortality, height of plants, branching, flowering and yield, etc., were taken. 
However, in the present note, it is proposed only to deal with the various types 
of morphological abnormalities noted. 

VOL. 24, B, No. 6. 
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Morphological Abnormalities and Discussion 

During the course of these investigations, it was observed that there were 
a larger nuni})er of abnornialities in plants arising out of treatments, fewer 
in X-ray and very few in 8^® treated progenies, suggesting thereby that as 
compared to the mother treatments, produces more morphological abnormalities 
in Crotalaria, 

(a) Stem ahnornmlities : 

(i) The most frequent abnormality of the stem was the occurrence of 
“fasoiation”, resulting in a flattened or bilateral growth of the stem. Fig. 1 
shows a characteristically fasciated stem of C. jnneea. It was found that in 
oases of excessive fas(iiation, the stem tends to split up into two or three parts. 
Besides, in such plants, there is a clustering of the leaves near the apex. Generally, 
there is an increase in the number of leaves and the phyllotaxy is changed. 

Such fasciations of stem and petioles following exposunj to X-radiation have 
been recorded by Singh et al. (1939) in cotton and others in sunflow(^r, toinato and 
cosmos. Beal (1919) recorded the phenomenon in species of Diqitalis when treated 
with and Sparrow and Singleton (19e53) in Xanthium as a result of gamma 
radiations. White (1948) has reviewed the extensive literature on causes and 
occurrence of fasciation in plants both under natural and experimental conditions. 

(it) Branching of the dem : Lateral braiKihing of the stem in the treated 
progenies, has also been found to be a character of irradiation. Jhonson (1936) 
in Neurophila, Phlox, Uelianthm, Lycopermcon, Stanton and Shiclair (1951) in 
})otato and Gunckel et al, (1953) recorded it in Trade semfia. 

In the present investigations, it was found that in C, jimcm, the indu(5ed 
branching is of two types : 

(a) Excessive lateral branching, which although might be advantageous for 
the grain crops, is harmful in this crop as this t 3 q)o of branching breaks the fibre. 
This character was present both in X-irradiated and P®^ treated y)rogenies. 

(b) Branching from the bottom is a desirable character in fibre yielding 
plants and was recorded only in the X-ray treated progenies. This increases tfie 
yield of fibre/plant, as each branch serves the purpose of a whole plant. 

Fig, 2 r(q)resents a view of the treated progenic‘s showing a plant wdth sucli 
branching. Fig. 3 depicts the unbranched stems of the ‘control’. 

(b) Leaf abnormalities : 

As in the case of the stem, in the leaves also a number of morphological 
abnormalities were noted in the both X-ray and P^^ treatments. The abnormalities 
recorded in course of present observations were : 

[i) Crinkled Leaves : In a single case in the population treated with 10,000 r 
of X-rays, a plant with crinkled and downy leaves (Fig. 4) was recorded. The 
leaves were smaller, more compact and of a darker shade, with a slightly 
twisted appearance. Fig. 5 shows the normal leaf character in this plant (control). 
Such crinkled leaves, following radiations have been recorded in Lycopersicon by 
Jhonson (1931) and others. 

(m*) Bifurcation of the leaves : Bifurcation or forking of the leaves is yet 
another common response of plant to radiations. In course of present investi- 
gations, partially or completely bifurcated leaves were recorded in the P^^ treated 
progenies. Fig. 6 shows the forking of the leaf tip, while Fig. 7 shows the whole 
lamina and a part of the petiole split into two. 

Forking of the lamina and petiole is known to occur in nature in a number 
of plants, e,g,, Jasminum, Lmricera, Nyctanthes and other genera of dicots 
(Bhatnagar, 1957). In Crotalaria, however, there is no previous record of leaf 
forking in nature, 
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Likewise, forking of leaves due to radiations has been reported by Jhonson 
(1926) in Helianthus and Haskins and Moore (1936) in X-iiTadiated plants of Citrus^ 
resulting in the development of partially or completely bifoliate and trifoliate 
leaves which co-exist with the normal ones on tlie same plant. Gunckcl et al. (1953) 
have, similarly, recorded dissected leaves in X- irradiated plants of Tradescanlia 
2 )aludosa and Sparrow and Singleton (1953), in Xanthium following chronic gamma 
exposure. 

The observations suggest that the forked • leaves arise as a result of physio- 
logiocal disturbances caused by irradiation, which in turn aifect the development 
and differentiation of leaves and other parts and as such do not seem to bo of 
much evolutionary significance. 

(in) Leaf chimaera : Somatic mutations are known to be frequent in 
irradiated progenies. In the present case a small chimaeral twig bearing leaves 
was recorded in 10,()00r X-ray treatment. One part of the leaves was normal 
green (Fig. 8). There is no previous record of naturally occurring chimaeras 
in Crotalaria. The present ease resembles the condition met with in sectorial 
chimaeras. 

(c) Floral abnormalities : 

The golden yellow flowers of (hvtalaria juncea, are the normal papilionaceous 
type, (iomprisiiig of a largo standard, two wings and a keel. There arc 10 stamens 
and a mono(iarpellary ovary. The whole flower is enclosed by a single whorl of 
5 gamosepalous calyx. 

A number of floral abnormalities like the phylloidy of the floral parts, prolife- 
ration, adhesion and fas(;iation of the floral structures are, however, known to 
occur in nature in low frequency (Bose and Misra, 1938). But entirely different 
type of abnormalities were recorded in course of investigations on beta-irradiated 
progenies of this plant. 

('/) Abnormal floral parts : In a single plant raised from treated seeds, 
a flower was observed to possess three standards instead of the normal one 
(Fig. 9 and 10). The other parts of the flower were normal. Thus the organisa- 
tion of the flower was altered as follows (Text-fig. 1) : 



e 


0 


Toxt-fig. 1 
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Such an occurrence of extra one or two or the suppression of certain floral 
members has l)een reported to arise as a result radiation treatment by a number 
of workers. The most interesting examples are those in Tradescantia (Gunckel 
et al., 1953 and Sparrow and Singleton, 1953). 

{ii) Double flower : In the same plant still another interesting abnormality 
was the occurrence of two complete flowers enclosed in a single whorl of calyx. 
Fig. 1 1 is the photograph showing the double flower on a normal pedicel, while 
Fig. 12 shows the double nature of the ovary in the same. 

The detailed floral structure may therefore,* be shown as follows (Text-fig. 2) : 



Toxt-fig. 2 

According to Jhonson (1926), who recorded a large number of abnormalities 
in X-irradiated Helianthiis, fasciation of the floral axis is responsible for the forma- 
tion of extra members in a flower or double flowers. But the present view is 
that this could be cxpalined on the basis of excessive proliferation of the plant 
parts arising due to physiological disturbance caused by irradiation. 

(in) Supression of the flower and ruptHre of the keel : In certain cases in 
the treated lu’ogeuy, the flower-buds were found to develop normally, which 

did not open in the end. In such cases, the keel which normally persists till long 
after fertilisation, was found to rupture with the stigma protruding out. However, 
no fruits w^ere formed in such flowers. 

(iv) Change in the colour of standard : The treated progenies were marked 
by the absence of the gross morphological abnormalities enumerated earlier* 
However, in some plants of this treatment, it was noted that the colour of the 
flowers had changed appreciably over the control. Iii all these cases, the dorsal 
surface of the standard developed a bright crimson colour. These plants maintained 
this character till the end and no normal coloured flowers were found to occur on 
these plants. 
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Such changes in the colour of the flowers, etc., unlike other morphological 
abnormalities may sometimes be genetical in nature. Lawrence and Strugess 
(1957) in a recent paper, have advanced a hypothesis explaining the evolution 
of flower colour in StreptocM^rpua through the successive mutation of genes, their 
becoming dominant and finally epistatic to their predecessors. If this hypothesis 
is correct, the variations in the flower colours of certain irradiated plants may be 
explained on the basis of mutation of the gene or genes controlling the expression 
of pigment, as a result of this treatment. However, some of the radiatign-induced 
colour variations are supposed to be chimaeral in nature, e.g., the red colour induced 
in carnation (I)ianthua caryophyllua) by the X-rays (Sagawa and Mehlqvist, 1956), 
whiles till others are believed to be arising as a result of mutations or deletions, 
e.g, in Antirrhinum majua through chronic gamma irradiation (Sparrow and Pond, 
1956). Similar change of colour in flowers has also been reported by other workers. 

The occurrence of abnormal flowers side by side with normal ones on the same 
plant, together with the fact that most of these abnormalities are not passed on 
to the subsequent generations, has led Nickson (1952) and Gunckel et al, (1953) 
to suggest that the physiological disturbances caused by irradiations are responsible 
for the morphological abnormalities described. These physiological effects may be 
caused by the damage or inactivation of the enzymes, substrates, hormones or 
physico-chemical changes in the permeability and viscosity of the cytoplasms, etc. 
It also seems that as the dose of irradition is not so high as to destroy the vital 
substances, the plant contimies its life-cycle with certain abnormal features. 
Physiological action of the radiation on the cytoplasm has also been held responsible 
for the histological changes in the stems and petioles of the irradiated progenies 
of plant (Beal, 1949). 

The investigations on the anatomical and cytological aspects of these 
abnormalities are in progress, while the study of inheritance of these characters 
in subsequent generations is also being taken up. 
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GROWTH AOT) DEVELOPMENT OF SEFTATE AND CRYSTALLIFEROUS 
FIBRES IN SOME INDIAN TREES 
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(Communicated by K. A. Chowdhury, P.N.I.) 

{Received May 31 ; read June 26, 1958) 


Abstract 

1. The development of septa in the wood fibres of two hardwoods, one ring-porous, 
Lagerstroemia apeciosa (Ij.) Pers. and another diffuse-porous, Protium aerratvm (Wall, ex 
Colebr.) Engl, is reported. 

2. Septa are formed in the fibres, as a result of the division of the protoplast which 
consists of true Karyokinesis followed by Cytokinesis at right angles to the long axis of the 
fibres, after the elongation of the cells is completed and secondary walls are laid in them. 

3. The oldest fibre formed in a season, becomes septate first and the younger ones 
gradually become septate in centrifugal manner. The development of septa apparently takes 
place soon after the fibres attain maturity, as the fibres which fail to develop septa at the 
time remain non-septate. 

4. Some correlation has been noticed between the time required for tlie fibres to attain 
maturity and the growth period. Tn L, apeciosa in which the growth period is short, the septa 
are developed within a short time compared to P. aejrratvm^ which has a longer period of growth. 

5. The number of sojJta formed in a fibre has been found to be more variable in L, apeciosa 
than in P. aerratwn. The variability of this character and its reliability as a diagnostic feature 
in wood is discussed. 

6. Crystalliferous fibres are formed in L. apeciosa at the end of the growing season. Some 
of the septate fibres show nuclear division once again at that time. Each compartment divi«lo8 
into several lo<mleR and in each of them a crystal develops in the cytoplasm. The importance 
of crystalliferous fibres in the identification of woods is also discussed. 


Introduction 

Septate fibres are of common occurrence in the secondary xylem of many 
dicotyledonous families. They are seldom found throughout a family ; even in 
a single genus all the species may not always show septate fibres (Metcalfe and 
Chalk, 1950 ; Spackman and Swamy 1949). Furthermore, the frequency and 
distribution of these fibres are known to vary from tree to tree and in some cases 
in different parts of the same tree (Chowdhury, 1954). 

Standard text books on plant anatomy give rather scanty information on 
septate fibres and their importance in systematic classification of secondary xylem. 
Credit for throwing some light on this type of fibres goes to Vestal and Vestal (1940). 
They studied only one species, namely Hypericum androesaemun L. but by oversight 
did not give the ontogeny in detail. The present investigation was, therefore, 
taken up to find out its course of development from inception to maturity. In 
order to find out how the frequency of septate fibre varies in some species while 
in others it remains constant, two such types were selected for study, namely, 
Lagerstroemia speciosa (L.) Pers. and Protium serratum (Wall, ex Colebr.) Engl, 
These also represent the two main groups of dicotyledonous woods; the former 
belongs to the ring-porous group, while the latter to the diffuse-porous. Some 
preliminary notes have already been published on this investigation (Purkayastha 
1953, Chowdhury et ah 1956). The present paper deals with the detailed informa- 
tion of the different stages of development of septate fibre up to its maturity. While 
studying i. speciosa (L.) Pers, it has been noticed that some septate fibres turn 
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crystalliferous at the end of the growing season. Complete information on the 
formation of these crystalliferous fibres has also been included in the paper. 

Material and Methods 

Material examined consisted of both elongating current year's shoots and 
mature one to two year old branches. For each species five trees growing in 
New Forest, Dehra Dun, were selected, and their growth data recorded. The 
material was collected at weekly intervals till the fibres became septate and later 
on at fortnightly intervals till the cessation of growth in November. The older 
shoots were collected only after the commencement of radial growth. All material 
was fixed in Formalin-Acetic-Alcohol at a time when the nuclear division associated 
with the formation of septa was most active. The best time for the taking out 
material, which was determined after several trials, was found to be different for 
the two species. In L. speciosa the best time was found to be between 6.30 and 
7.30 a.m, while in P. tserratum between 5 p.m. and 6 p.m. 

The study was mainly based on a large number of longitudinal sections ciit 
on a sliding microtome and stained in Heidenhein's Haematoxylin and saffranin. 
The results obtained during the first year of study were confirmed by observations 
made during the second year. There was little difference between the materials 
collected in two years. 


Results 

I. Lagerstroemia speciosa (L.) Pers. 

The trees at Dehra Dun are generally leafless during February and March. 
Tn the latter part of March, new buds start coming out from the axils of the leaves, 
as indicated by scars. These start growing into new shoots by the end of March. 
The extension growth of these shoots is generally completed in ten to fifteen days. 
The flowering shoots also come out about the same time. A second flush of 
extension growth takes place usually in the beginning of July and continues also 
for about a fortnight. The second extension growth is rather irregular in this 
species, some branches not having it at all. In most of the branches after comple- 
tion of the first height growth, the terminal buds drop off. In many of them, 
however, new buds developing from the axils of the terminal leaves take the place 
of terminal buds and start growing again in July. At the same time, new buds 
can also be seen developing on the older branches, which have not grown during 
the first height growth. This type of irregular growth of shoots from older 
branches has been observed from the beginning of July till October. Occasional 
development of flowering shoots has been noticed even in December. Leaves are 
shed in January or early February. The radial growth in the older branches has 
been observed to take place long after the completion of the first extension growth. 
The cambium in these branches remains inactive till late July or the early part 
of August. 

Formation of septate fibres in the elongating shoots. 

The septa are formed about two weeks after the fibres are cut off from the 
cambium. By this time the elongation is completed and the secondary walls of 
the fibres are fully laid down. The first fibres to become septate are those in the 
region nearest to the protoxylem vessels at the base of the shoots. From here the 
formation of septa gradually spreads outwards towards the cambium and also 
upwards towards the tip of the shoot. 
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The formation of septa in the fibres is by nuclear division followed by cytokinesis 
at right angles to fibre walls. All fibres before the formation of septa, are charac- 
terised by an oval elongated nucleus, with a single nucleolus. The nucleus passes 
through the usual changes during division. The spindle figure becomes apparent 
at the close of the prophase. In metapkase^ the spindle is generally seen at an 
angle to the long axis of the fibre (Fig. 1). In telophase, the phragmoplast begins 
to extend laterally in the equatorial region till it touches the walls of the fibre 
(Figs. 2 and 3). The cell plate is formed in the equatorial region which divides 
the fibre lumen. The daughter nuclei pass into the resting stage after migrating 
to the centre of the newly formed compartments. The septumfinally develops 
in the region of the cell plate and in staining behaviour resembles middle lamella. 
In the mature wood the septa appear to be composed mostly of lignin. They are 
completely dissolved by repeated chlorination and subsequent treatment with 
dilute ammonia but they are insoluble in 72 per cent sulphuric acid. 

Although formation of septa is evidently correlated with cell maturation, 
it has been noticed that in the newly formed shoots, nuclei of a few fibres fail to 
divide on attaining maturity, and as a result, these fibres remain non-septate. 
Apparently these nuclei do not divide later. 

Formation of septate fibres in the older branches. 

The septate fibres are formed in a similar manner about a fortnight after they 
are cut off from the cambium. The newly formed fibres adjacent to previous 
year’s wood become septate first and gradually the fibres nearer cambium become 
septate. The septate fibres in the elongating shoots, however, differ from those 
in the older branches as regards the number of septa they contain. In the elongat- 
ing shoots the septate fibres are generally partitioned by a single septum, whereas 
those in the older stems are usually divided by three septa, although fibres with 
one or rarely two septa, are sometimes met with. These septa are formed by a 
second division of the daughter nuclei after the formation of the first septum. 
The occasional presence of fibres having one or two septa is due to the failure of 
both or one of the daughter nuclei to divide again. 

Formation of crystalliferous fibres. 

After the formation of septa, the nuclei in the fibres remain in ‘resting stage’ 
for a long time. The nuclei arc visible in these fibres till heavy deposition of 
starch occurs in them. The starch deposition takes place twicjo in a year, once 
in June in the shoots developed in April and again in November in the later formed 
tissues. Along with the deposition of starch some of the septate fibres, particularly 
those contiguous to longitudinal parenchyma and rays, also become crystalliferous. 
These fibres are then subdivided into small locules in which solitary crystals 
develop. 

The first stage in the formation of crystalliferous fibres is the renewed mitotic 
divisions in the septate fibres. The fibres, which ultimately become crystalliferous, 
are distinguished from the others by their enlarged nuclei and deeply stained 
protoplasts. The stages in the division are similar to those already described 
except that the daughter nuclei divide several times, successively and simultaneously, 
and the fibre is subdivided into small locules within a short time (Figs. 5 and 6). 

Each of the locules thus formed, contains a round nucleus in the centre 
surrounded by a thick mass of cytoplasm without any vacuoles. The crystal 
first appears as a small cytoplasmic inclusion, which is an exact replica of the 
fully grown crystal in shape. As the crystal grows, it pushes the cytoplasm and 
the nucleus to the periphery and ultimately the cytoplasm forms just a lining round 
the crystal. The nucleus, however, remains prominent throughout the develop- 
ment of the crystal. 
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Generally all nuclei in a fibre divide and the entire fibre becomes crystalliferous. 
But nuclei of all the compartments of a septate fibre always may not take part in 
the formation of these locules which ultimately become crystalliferous. Occasionally 
only half of them divide to form the crystalliferous locules while the other half 
remains unchanged. 


11. Protium serratum (Wall, ex Colebr.) Engl. 

In this evergreen species also two distinct periods of extension growth have 
been observed. However, the extension growth in this species differs from that 
of L, spexiosa in some respects. All the barnches in P. serratum grow during both 
the periods of extension growth and the terminal buds do not fall off after the 
height growths are over. The first extension growth starts in the beginning of March 
and continues for about 3-4 weeks. By the middle of April generally all the 
leaves of the new shoots are fully mature. It is about this time, that the previous 
year’s leaves turn yellow and start falling off. The second extension growth 
generally starts by the middle of June and also continues for about a month. 

As in L. speciosa no activity of the cambium of the older branches has been 
noticed during the first extension growth. The diameter growth in these parts 
usually starts by the end of June or the first week of July. 

The development of septa in the fibres takes place first in the oldest fibre 
formed in a season and then gradually in the younger ones, as in A. speciosa. In 
the elongating shoots, the formation of septa is noticed first in the fibres nearest 
to the protoxylem vessels, when the shoots are about four weeks old. In the 
older branches also the septa are developed in the fibres, adjacent to the previous 
year’s wood, about a month after the initiation of radial growth. Tlu^ stagers in 
the formation of septa are similar to those of L. speciosa (Fig. 4). However, both 
in elongating shoots, as well as in older branches, the nuclei of tlie fibres, after 
attaining maturity, divide several times and consequently a varying number of 
septa are formed in the fibres. Moreover, as the fibres mature, the nuclei of all 
the fibres divide with the result no fibres remain non-septate. The septa, although 
similar to L. speciosa, are more resistant to the chemi(;al action. 

As in L, speciosa, the nuclei in the fibres are visible throughout the year till 
the visibility is obscured by heavy deposition of starch, which appear to be correlated 
with the slackening of growth. Unlike L, speciosa, however, the nuclei in these 
fibres do not show any division again at this time and no crystalliferous fibres are 
formed. 


Discussion 

Considerable work has been done by Chowdhury and Tandan (1950) on the 
growth of broad-leaved trees of India. They have found that extension growth 
usually precedes radial growth by about 2 weeks to 3 months, in both ring-porous 
and diffuse-porous species. Their observations differ considerably from those 
reported from Europe and North America where both the height and the diameter 
growth start simultaneously. The difference observed between the time of initia- 
tion of extension and radial growth in both these species confirms Chowdhury 
and Tandan’s findings. 

The stages in the division of the protoplast associated with the formation 
of septa are similar to those described by Vestal and Vestal. However, in the 
two species investigated, there are some differences as regards the time required 
for the development of septa and in the number of septa formed in a fibre. These 
are tabulated below ; — 
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Time required for Number of septa formed per fibre 

Species the development of Nature of deposits 

septa in the fibres In elongating In older branches in the fibres 
shoots 


L, speciosa about 2 weeks 


P. serratum about 4 we<'ks 


1, a few also 
remaining non- 
septate. 

3 or more. 


3, but occasionally 
less. 

3 or more. 


8tarch but a few 
fibres also 
become crysta- 
lliferous. 

Starch, but no 
crystals. 


Since septa are developed after secondary walls are laid down, their formation 
may be taken as an indication of the maturity of the fibres. The development 
of septa in the fibres from the oldest to the youngest in a centrifugal manner also 
suggests that the formation of septum takes place immediately after the fibres 
attain maturity. It is interesting to note in this connection the apparent correla- 
tion between the growth period and maturity of the fibres. In the ring-porous 
L. speciosa, the vsepta are developed when the fibres are about two weeks old and 
the extension growth is also completed within this period. Whereas in the diifuse- 
porous P. serratnm the septa are developed after about 4 weeks and the extension 
growth also continues for about a month. The occurrence of fewer number of 
septa and the occasional presence of non-septate fibres in the elongating shoots 
of L. speciosa, probably indicates the comparatively variable nature of this 
character in this species. A preliminary survey of the septate fibres in the wood 
of some families like Anaairdiaceae, Bumeraceae, Combreta^ceae^ Euphorhiacem, 
Meliacme and Lavracme. has also shown that although the presence of septate 
fibres is generally a constant feature for a species, in some of the woods the i)orcent- 
age of septate fibres and the number of septa per fibre may vary in a similar manner. 
More observations on this point are necessary to bring out the true significance 
of this character as a diagnostic feature. 

The nuclear divisions which precede the formation of crystalliferous locules 
are similar to those of the formation of septa in the fibres. However, the nuclei 
of different compartments of a fibre, divide several times and those divisions take 
place simultaneously. Similar simultaneous division of the nuclei in the phloem 
fibres of tobacco has been reported by Esau (1938). In these phloem fibres, 
however, the karyokinesis is not followed by cytokinesis which results in multi- 
nucleate condition. In the formation of crystalliferous locules, on the other hand, 
normal division of the protoplast occurs and septa are formed in the region of the 
cell plate during cytokinesis. 

It is generally believed that Calcium oxalate is an excreted waste product 
of plant metabolism. Milanez, quoted by Chattaway (1937), has suggested that 
the frequent occurrence of crystals in the terminal parenchyma (as in many of 
the Caesalpinaceae) may be the result of the accumulating of waste products from 
the activity of the entire growing season. The development of crystals, both in 
the wood fibres as well as in other woody tissues, at the end of the growing season 
lends support to the view expressed by Milanez. Chattaway, however, thinks 
that although this is a very probable explanation of the crystals in the chambered 
parenchyma, it does not seem equally applicable to the solitary crystals that are 
often found scattered irregularly in rays and parenchyma. 

A survey of the literature reveals that crystalliferous fibres have been grouped 
under two classes by some workers (Metcalfe and Chalk, 1950 ; Pearson and Brown 
1932). Some septate fibres show only a few septa and only some of these chambers 
formed thereby contain crystals. On the other hand, some such fibres are sub- 
divided into small locules and in each of these locules or chamber crystals are 
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formed as in L, speciosa. The value of the latter type of fibres for generic classi- 
fication of wood appears to be good, but needs further confirmation. 

In this connection, the difficulty of detection of crystalliferous parenchyma 
and crystalliferous fibres must be pointed out here. Chattaway (1937) while 
working on SterouUaceae reported presence of crystalliferous fibres in Sterculia, 
Milanez (1937, 1939), however, questioned it because ho was of the opinion that 
these crystal cells in Stemilia are parenchymatous in origin and not prosenchy- 
matous. This was later confirmed by Chattaway (1939) herself. All these mean 
that one has to be very careful in describing the presence of crystalliferous ’fibres 
and crystalliferous parenchyma. A mere examination of sections depicting different 
views of a block of wood may lead to confusion. The final classification of these 
crystalliferous elements will rest on the examination of the macerated material. 
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Abstract 

Present study was undertaken to ascertain correlation between relative preference of 
Oxycarenus hyalinipmnis (Costa) for diffeient parts of cotton plant and its ability to utilise 
the nutrients available in these parts. 

Tlie insect shows maximum preference to cotton leaf as the source of food and least to 
cotton-seed. While feeding on leaf they draw food-sap mostly from mesophyll and phloem 
tissues, rarely from xylem vessels and never from the oil-glands scattered all over the leaf and 
other parts of the plant. 

The insects feeding on cottonseed draw food material from outer or inner integument 
of the seed coat. They never penetrate their stylets deeper than the seed coat and, consequently, 
never feed on the kernel or embryo , of the seed. 

Nutrients available to the insects feeding -on cotton leaf are proteins, some free amino 
acids, starch, sugars (sucrose, glucose and fructose), and fats. Those available in the cottonseed 
coat are pentosans, sugars (raffinose, sucrose, glucose and fructose), free amino acids, slight 
quantities of proteins and fats. 

Study of the distribution of digestive enzymes indicates that cellulase, hemioellulases, 
imilaso, /8-glucosidases, /J-galactosidases, polypeptidase, and lipase are absent. Amylase, 
maltase, invortase, a-galactosidase, proteinase and esterase occur in the salivary secretion 
and in the midgut. Their occurrence in the hindgut is quite irregular. Trehalase has been 
detected only in the midgut. Maximum activity of almost all these enzymes occurs at pH. 5.4. 
The invertase, present in the digestive tract of Oxycarenus, is a glucosaccharase. 

Correlation between the nutrients available in cotton leaf or in seed coat and ability of 
the insect to utilise the nutrients has been discussed. Cotton leaf appears to be a much better 
source of food for Oxycarenus than cottonseed. 

Introduction 

Genus Oxycarenus Fieber includes a number of species which are known to 
be pests of cotton plant in different parts of the world. Their biology has been 
studied by various workers and there has been some disagreement regarding the 
site of feeding, and nature of injury caused by these insects. Most workers consider 
that Oxycarenus feeds mainly on the seeds of cotton and causes severe damage 
to their tissues (Peacock, 1913 ; Balls, 1915 ; Misra, 1921 ; Kirkpatrick, 1923). 
Kirkpatrick (1923) further believes that this insect visits green leaves or epicalyces 
etc. only to imbibe moisture from the glands present on those parts of the plant. 
According to some other workers Oxycarenus feeds on the blossoms (Sickenberger, 
1890), squares, buds and young bolls of cotton (Willcocks, 1906 ; Adair, 1918 ; 
Misra, 1921) in addition to the seeds. Investigations of Saxena and Krishna 
(1958) on the orientation and site of feeding of 0. hyalinipennis on cotton plant 
indicate that this insect, when offered a choice from amongst cotton leaves, 
epicalyces, green bolls, opened bolls, seeds, lint, flowers and flower buds, prefers 
to feed mostly on green leaves or epicalyces. Next in order of preference come 
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other green parts of the plant, and seeds come the last. In fact seeds are fed 
upon much less frequently than the leaves. 

Little is yet known whether Oxycarenm is better adapted to utilise nutrients 
available in the cottonseed than those in the leaf or vice versa. Present work 
has been undertaken in order to investigate this aspect. 

Material and Methods 

Adults of Oxycarenus hyalinipennia (Costa)* were used for the present work. 
For all the experiments reported in this paper freshly collected insects were 
allowed to feed on distilled water for 48-72 hours in order to clear their alimentary 
canal by flushing. 

In order to determine the plant tissue from which the food-sap is drawn, the 
insects were given access to different parts of cotton plant and allowed to feed 
on them. Since cottonseed has been reported by Kirkpatrick (1923) to be the chief 
site of feeding and leaf to be the main source of food by Saxena and Krishna (1958), 
only these two parts were selected for the jiresent study. Insects to be fed on 
leaves were provided with short twigs of cotton plants bavses of which were kept 
immersed in water to prevent wilting. The seeds supplied to the insects were 
freshly collected from fresh or old open cotton bolls and were delinted as completely 
as possible. Some fuzzy hairs were, however, left behind on the seed-surface. 
The seeds from freshly opened bolls had a fine film of moisture on their surfaces 
due to moist lint surrounding them. The seeds from the old opened bolls had, 
on the other hand, dry surface. It was difficult to make the insects feed on 
cottonseed. However, they could be made to do so with a little less difficulty 
by applying a fine film of moisture to the surface of the seed. This was done by 
giving the delinted seed a dip in water and then wiping its surface with filter paper, 
drying the fuzzy hairs as completely as possible. Whatever trace of moisture 
was left on the surface of the seed was enough to induce the insects to feed on it. 
It may be noted that no water could diffuse into the interior of the seed by this 
treatment nor was there sufficient moisture for the insects to drink it from the 
surface and prevent them from penetrating their stylets deeper into the seed 
tissues. 

Whenever an insect penetrated its stylets into the leaf or seed tissue it was 
allowed to feed for 1-2 minutes and then its beak was clipped off by moans of a 
pair of very fine scissors. In the case of insects feeding on cotton leaf the stylets 
in situ with the leaf were fixed in Formol — ^acetic acid — ^50 per cent alcohol mixture 
(5 : 5 : 90 v/v) for about 12 hours. Freehand sections of the fixed material were 
out, stained in Safranin, counterstained in Fast Green and finally mounted in 
Canada balsam. In case of insects feeding on cottonseed, the stylets in situ with 
the seed were treated with 10% KOH solution for 4-7 days in order to soften the 
seedcoat. Fairly thick sections of these seeds were then cut, mounted in glycerine 
and examined in reflected light under a microscope. Various parts of the seed, 
including the two distinct outer and inner integuments of the seedcoat, could be 
differentiated without difficulty. 

In order to ascertain the nutrients that may be available to the insects feeding 
on cottonseed and leaf, a knowledge of chemical composition of these parts is 
essential. Some information on chemical composition of the entire cotton leaf and 
different parts of cottonseed is already available and may be made use of in this 
paper. However, additional information on the free amino acids and sugars 
present in the cotton leaf and seedcoat (hull) was desirable and was obtained in 
the present work. 


* The insects were kindly identified by Dr. Beece I. Sailer, U. S. Dep. Agrio. Entomological 
Research Bureau, Washington, D.C., for our colleague Dr. M, K. Dutt« 
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Cottonseed hulls from 100 freshly collected seeds and 50 fresh leaves were 
separately homogenised in 80 per cent ethanol. The leaves used for extraction 
were collected both at night as well as during the day and were transferred to 
80 per cent ethanol immediately after plucking. The homogenate was centrifuged 
and the supernatant was concentrated to a volume of 5 ml. by evaporation in a 
stream of air. 0.05 ml. samples of the concentrated extract were applied on 
IS'^ by 18" sheets of filter paper (Whatman No. 1) and subjected to paper chromato- 
graphy by the descending technique. For sugars single dimensional cliromatograms 
were run using the solvent system n-butanol — acetic acid — water (4 : 1 : 5 v/v). 
For amino acids two dimensional chromatograms were run employing the above 
solvent for the first run and phenol- water (8 : 2 w/w), containing 0.04 per cent 
8-liydroxyquinoline, as the second solvent. Sugars on the cliromatograms were 
revealed as brown or yellowish brown spots after spraying with benzidene-trichlor- 
acetic-acid reagent (Bacon and Edelman, 1951) and heating at 105°C for about 
10 minutes. Amino acids were revealed by spraying with 0.25 per cent solution 
of ninhydrin in acetone and heating at 60®C for about 10 minutes. 

To determine the distribution of enzymes in different parts of the digestive 
tract of Oxycarenus^ the insects fed on water for 48-72 hours were starved for 
3-4 hours under 0% R.H. They were then made to drink water. An hour later 
they were dissected one by one and aqueous extracts of their salivary glands, 
first, second, and third ventriculi, and the hindgut were prepared according to 
the method described by Saxena (1954). For each enzymatic determination 
extracts from 10-'12 individuals were pooled together, centrifuged and the volume 
of the supernatant was made up to 1 ml. with distilled water. The clear extract 
was divided into five equal lots of 0.2 ml. each, arranged in two series A and B. 
The former contained three lots while series B contained two lots. The extracts 
of series B were heated in boiling water bath for about an hour and served as 
controls. To each of the extracts of both the series were added 0.1 ml. of a suitable 
substrate solution or suspension and 0.2 ml. of a suitable citrate-phosphate buffer. 
In the absence of any information on the pH optima of the digestive enzymes of 
Oxycarenus, the three extracts of series A were buffered to three different values 
of pH 3.0, 5.4, 7.2, selected arbitrarily. The reaction of the two extracts of series 
B was adjusted to pH 3.0 and 5.4 respectively. The extract-substrate-buffer 
mixtures were incubated at 37®C for about 12-24 hours and the presence or absence 
of the substrate or products of its hydrolysis was chemically determined as described 
below. 

Names of enzymes investigated and the substrates employed for their detection 
are given in Table 1. For the detection of amylase, 0.03 ml. samples of all the 
five incubated mixtures were placed 1" apart on a strip of filter paper. After 
drying, the strip was given a dip in 1.0 per cent ethanolic solution of iodine. 
Incubated mixtures containing undigested starch would show up as blue spots 
on the paper strip, the intensities of the spots depending on the amount of starch 
present. In case of complete digestion of starch no blue colour would develop. 
Visual comparison of the intensities of blue colour gave an approximate idea about 
the relative activity of amylase in extracts of different regions of the gut under 
different conditions of hydrogen ion concentration. 

For detection of the rest of the carbohydrases, presence or absence of hydrolytic 
products of the substrates in incubated mixtures was determined by paper 
partitian chromatography. 0.03 ml. samples of incubated mixtures were placed 
1" apart along one of the longer edges of 22" by 18" sheet of filter paper (Whatman 
No. 1). Suitable reference sugars were also applied on the same paper-sheet. The 
solvent n-butanol-acetic acid- water (4:1:6 v/v) was allowed to run by descendmg 
technique for 48 hours. The chromatogram, after drying, was developed with 
benzidene-trichloracetic acid reagent as described before. Sugars in the incubated 
mixtures, which showed up as brown or yellowish brown spots on the chromatogrami 
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were identified by comparing their positions on the chromatogram with those of 
the reference sugars. Appearance of sugars other than the substrate in any 
incubated mixture would indicate hydrolysis of the substrate due to the activity 
of the corresponding enzyme. Visual comparison of the intensities of spots of 
undigested substrates would give a rough idea about the degree of enzymatic 
activity at three different pH values under consideration. 

For proteinases a different procedure was adopted. As stated before, 1 ml., 
of the original extract of each region of the digestive tract was divided into five 
lots of 0.2 ml. each, arranged in two series A and B, the latter serving as control. 
All of these were buffered as in the previous cases but no substrates were added 
to the extracts. On the other hand, 0.1 ml. samples of each of the five lots of 
buffered extracts were placed, side by side, on the gelatinised surface of a 5" by 
1.25" strip of a photographic plate. The extracts on the strip were incubated in 
a moist chamber for about 12-14 hours and then the strip was washed in cold 
distilled water. After drying in air it was immersed in a bath of 0.1 per cent 
ethanolic solution of bromophenol blue for about 5 minutes. After drying it again, 
the strip was washed in a bath of 1 per cent acetic acid. The gelatin of the photo- 
graphic plate, being a protein, would take up a deep blue stain which would persist 
even after acidifying with acetic acid. Hydrolytic products of proteins such as 


Table T 

List of the enzymes tested for and the substrates employed 


Name of Enzyme 


Name of substrate employed 


Carbohydkases : 
Amylase 

Tnulase 

Cellulaso 

Hemicellulaaes 


Maltase 

^-glucosidases 

a-g€JactOBidaseB 

^-galactosidase 
Invertases : 
B^/t-fructofuranosidase 

Gluoosaccharase 

Trehalose 


Soluble starch, 0.3% aqueous solution contain- 
ing a little sodium chloride. 

Inulin, 1% suspension in water. 

Cellulose powder, 1% suspension in water. 

a. Pentosans extracted from cottonseed hull 
according to the method of Jormyn (1955), 
1% suspension in water. 

b. Gum arobic, 1% aqueous solution 

c. Agar agar, 1% aqueous solution. 

Maltose, 6% solution. 

а. Cellobiose, 6% solution. 

б. Salicin, 6% solution. 

а. Raffinose, 5% solution. 

б. Melibiose, 5% solution. 

Lactose, 6% solution. 

o. Sucrose, 5% solution. 

6. Raffinose, 6% solution. 

a. Sucrose, 6% solution 

b, Melezltose, 5% solution 
Trehalose, 5% solution 


Pboteinasks : 
POLYPBFriDASBS : 

Esterases : 
Lipase 

Esterase 


Gelatin, on photographic plate. 

Peptone, 1% solution. 

Olive oil emulsion, prepared as described by 
Baldwin and Bell (1956) 

Ethyl butyrate. 


polypeptides and amino acids do not give this test since their blue stain changes 
to yellow on acidifying (vide Fiegl, 1954, for explanation). Presence of proteolytic 
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enzymes in any of the incubated mixtures would bring about digestion of gelatin 
at the spot where the incubated mixture was placed on the photographic plate. 
As a result of this the blue colour at that particular spot would fade out. The 
degree of fading of blue colour would depend on the enzymatic activity and in 
the case of complete digestion of gelatin the spot might become transparent. 
Visual comparison of the intensities of blue colour developed by diifereiit incubated 
mixtures would give a rough idea about the degree of proteolytic activity in 
different parts of the gut and under different conditions of hydrogen ion concentra- 
tion. 

For the detection of lipase the method described by Baldwin and Bell (1955) 
was employed. Esterases acting on lower esters were also tested in the same way, 
with emulsion of ethyl butyrate as the substrate. 

Tissue I^efebences 

As mentioned before, Oxycarevms hyalinipemis has been reported to feed 
mainly on cottonseeds by some workers, particularly by Kirkpatrick (1923). On 
the other hand, Saxena and Krishna (1958) observed that this insect prefers to 
feed on green parts of the cotton plant, particularly on leaves. Since each of these 
parts is made up of a number of different tissues which differ in their structure 
and chemical composition, the nutrients available to Oxycarenus in any one part 
of the plant will depend upon the tissue from which the sap is drawn. It was, 
therefore, considered necessary to determine the exact tissue of cottonseed or of 
leaf from which the insect draws its food. Leaf was taken to represent the green 
parts of the cotton plant since it is shown maximum preference by the pest. 

Preference for Leaf -T issues. Both the adults as well as the nymphs feed 
mostly on the lamina of cotton leaf, and occasionally they also feed on leaf-petiole. 
The insects feeding on the lamina may attack it from any of the two surfaces, 
preferably the one in shade. The point at which the stylets are introduced into 
the leaf-tissue is selected quite carefully. The insect always avoids the so-called 
‘oil-glands’ which are profusely distributed all over the cotton plant (Bro^vn, 1938). 
The stylets are pierced through the surface of the leaf in-between the oil-glands. 
In most cases the point of entry lies in the angles of veins or veinlets ; but occasionally 
it may lie in the area in-between the veins or directly on the vein or veinlet. As 
the stylets penetrate into the tissues intracellularly the cells are torn off. 

The tissue up to w^hich the stylets extend and from which the sap is drawn 
out may vary with different individuals and with the same individual. Stylets 
of insects feeding on the lamina extend mostly into the mesophyll tissue ; both 
the palisade layer of cells as well as the spongy parenchymatous tissues are equally 
preferred. In the case of insects feeding directly on the vein or veinlet the stylets 
usually extend up to the phloem tissue also. Both the phloem parenchyma and 
sieve tubes may be tapped. The insects which feed on leaf-petiole introduce their 
stylets mostly into the parenchymatous tissue but often they are found to tap 
the phloem tissue as well. Rarely the stylets have been noticed to extend up to 
xylem vessels. There is no indication that the introduction of the stylets into 
one or the other tissue is limited by the length of the stylets or of the labium. On 
the same leaf some individuals may extend the stylets up to the phloem tissue and 
others may stop short at the parenchymatous tissue. 

These observations make it clear that so far as leaf as the source of food is 
concerned, Oxycarenus draws food sap from almost all parts of the cotton leaf, 
except from the oil-glands. However, the insect shows a little greater preference 
to mesophyll tissue and phloem parenchyma than to phloem vessels. 

Preference for Seed-Tissues, The insects have been observed feeding on 
cottonseed much less readily than on leaf. Presence of a fine film of moisture on 
the surface of the seed is fairly helpful in making the insects feed on the seed. 
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Still, hardly 8-10 insects out of a batch of 50 feed on the cottonseed in about 6-8 
hours. Most of them probe their beaks here and there on the surface of the seed 
and then move away. 

Insects feeding on cottonseed do not seem to show any choice for any particular 
spot on the surface of the seed for introducing their stylets. Sections of the seeds 
in situ with the stylets of the feeding insects show that, in many cases, the stylets 
extend into superficial layers of the secdcoat i.e. into the outer integument, and 
they easily get detached from the seed as soon as the beak of the feeding insect 
is clipped off. In a number of other cases stylets extend deeper into the seedcoat, 
reaching the parenchymatous layer of the inner integument. These stylets remain 
intact with the seed after they are clipped off. Sometimes, however, the stylets 
may be introduced into or in-between the bases of the fuzzy hairs present on the 
surface of the delinted seed. Oxymrenus has never been found introducing its 
stylets into the seed beyond the seedcoat into the kernel or embryo. 

Chief Nutrients available in Host Tissues 

The nutrients required for the growth and maintenance of insects, like those 
for other animals, can be grouped under the following categories : Proteins and 
amino acids, carbohydrates, fats, minerals, and accessory growth factors like 
vitamins, sterols etc. Requirements for these substances vary with different 
species of insects. Minerals and accessory growth factors are mostly in such a 
form that they can be readily absorbed and utilised by the insects. The nutrients 
of the first three categories, however, may or may not be in a diffusible form. In 
case they arc nondiffusible they must be brought into diffusible form by the action 
of digestive enzymes before they can be absorbed and utilised. In case an insect 
does not possess suitable enzymes it cannot utilise corresponding substrates. Since 
main object of the present study is to examine the correlation between the 
nutrients available to OxycareMUS in its preferred host-tissues and its ability to 
utilise those nutrients, it is necessary to have information on various nutrients 
occurring in the preferred host-tissues. Only the nutrients belonging to the first 
three of the above mentioned categories will be considered because they may or 
may not need enzymatic action prior to absorption. Minerals and vitamins etc. 
can be readily absorbed and are, therefore, not being taken into consideration here. 

Chemical composition of the different parts of the cotton plant has been 
determined by a number of workers and their results have been included in reviews 
by Brown (1938), Leahy (1948), Tharpe (1948), Boatner (1948), Dollear and 
Markley (1948) and Dunning (1948). Table II, partially taken from Brown (1938), 
summarises the data on chemical composition of different parts of the mature 
cotton plant. It is apparent from the table that relative concentration of various 
nutrients in different parts of the plant is in the following order : 

Carbohydrates ; leaf > stem, root > seed boll > lint. 

Proteins : seed>leaf>boll>8tem, root>lint. 

Fats ; seed > boll > leaf > root > stem > lint . 

Such data, however, do not give any information whether the proteins 
reported upon are all in the form of native proteins or free amino acids or both. 
Similarly it does not give any idea as to what poly-, oligo-, or monosaccharides 
are included in the total carbohydrates determined. In order to gain all this 
information free amino acids and sugars in the cottonseed hull and leaf were 
determined and the results will be presented in due course. 

It may be further noted that Oxymrenus prefers to feed on one or the other 
tissue of cottonseed or of leaf. Therefore, chemical composition of entire seed 
or leaf, given in Table II, will not give much information on the nutrients available 
to the insect. For this purpose a knowledge of the constituents of different tissues 
of cottonseed and leaf is important, 
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So far as the leaf is concerned, it may be recalled that insects draw food-sap 
from almost all the tissues of the leaf except from the oil-glands. Therefore, 
constituents like gossypol, ethereal oils, tannins, resins, pigments etc., present 
in these glands (Brown, 1938), will not be available to the insects. Xylein vessels, 
on which the insects rarely feed, are known to contain mostly water and inorganic 
solutes. Most of the proteins, amino acids, starch, sugars and fats, present in 
the leaf, are distributed amongst the rest of the tissues, particularly phloem and 
mesophyll tissues, on which the insects mainly feed. 

Table II 

Chemical Composition of Mature Cotton Plant (Brown^ 1938) 


Part of the 
Plant 

Ash 

Protein 

Fat 

Carbohydrates 

Hoots 

3.72 

3.00 

2.78 

49.88 

Stem 

3.09 

4.00 

1.11 

46.49 

Leaves 

12. .55 

14.06 

8.49 

56.19 

Seed 

3.05 

22.13 

23.05 

39.26 

Lint 

1.25 

1.12 

0.61 

10.00 

Bolls 

4.74 

11.44 

9.81 

29.07 


As regards the identity of sugars present in the leaf, Mason and Maskell (1928) 
reported that concentration of sucrose and reducirjg sugars of the leaf-sap undergoes 
diurnal variation — their quantities increasing during the day and decreasing during 
the night. Since Oxycarenus feeds on cotton leaf during the day as well as during 
night Tluctuations in sugar content of the leaf will not affect their ingestion by the 
insect. However, Mason and Maskell (1928) did not examine whether sugars of 
cotton leaf included oilgoaaccharides other than sucrose; also, they did not establish 
the identity of reducing sugars present in the leaf. Results of the present study 
indicate that cotton leaf contains only three different sugars, namely, 8ucrose> 
glu(50se>fructose. Besides sugars, the following free amino acids are also present 
in cotton leaf : aspartic acid, histidine, serine, threonine and tyrosine. 

Studies on the chemical composition of different parts of cottonseed by various 
workers have revealed that the chemical constituents undergo a great change in 
their distribution and concentration in different tissues of the seed during its 
development. Most of these changes are complete by the time the cotton boll 
opens. After its opening there may be a slight change in the concentration of 
certain constituents, particularly in the kernel, but no change in the distribution 
of various constituents amongst different tissues (Tharpe, 1948). Since, in the 
normal course, the cottonseed becomes available to Oxycarenus only when it is 
ripe and the boll has opened, a knowledge of the nutrients available to the insect 
can be gained only from the chemical composition of mature cottonseed. 

Although kernel of the cottonseed is vary rich in proteins, oils and sugars 
like raffinose, the seedooat or hull, from which the insect draws the food-sap, is quite 
poor in these constituents. Information on the chemical constituents of the hull 
has been incorporated in reviews by Dunning (1948), Leahy (1948), Tharpe (1948), 
Dollear and Markley (1948), Dunning (1948) has compiled data on the composition 
of cottonseed hull from several sources, which is given in Table III. 
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Tabij! Ill 

Chemical Composition of Cottonseed Hull (Dunning, 1948) 


Average % weight. Oven-dry 
Constituent basis 


a-Celhilose 

43.9 

Cross and Tiovan Colluloso 

46.9 

Pontosans 

29.5 

Lignin 

21.95 

Ash 

1.79 

Protoin 

3.30 

Crude fibre 

49.19 


Pentosans and sugars have been reported to occur in the parenchymatous 
cells of the hull (Leahy, 1948). Galactose and traces of sucrose are the only sugars 
reported to occur in the seodcoat (Dollear and Marklcy, (1948). The fat content 
of the hull, like tliat of proteins (3.3 per cent), is very low (0.9 per cent) (Guthrie 
et al., 1944). In addition to these, the hull also contains certain free ajnino acids 
atid sugars presence of which was (pialitatively determined in the ])resent work. 
The free amino acids present are alanine, asparagine, aspartic; acid, glycine, 
methionine, serine, tryptophane and two unidentified amino acids. The sugars 
present in the seed hull arc : raffinose>glucose>8ucro8e>fructose. No galactose 
was found in the hull. 


Digestive Enzymes 

Digestive organs of OxycAirenus hyalinipennis, like those of Dysderem koenigii 
(Saxena, 1955) and some other Heteropterous insects, include a pair each of 
prin(;ipal and accessory salivary glands, foregut, niidgut and hindgut. The midgut 
is the longest division of the alimentary canal and is differentiated into three 
distinct regions : a wide, sac-like, ftrM ventriculm, a narrow, tubular, second 
ventricnlus, and a short, bulbous, third vcntrwulus. The hindgut is very short 
and not further divisible into intestine and rectum. Gastric caeca are not present 
in this insect. 

Distribution of various enzymes in different parts of the digestive tract is 
given in Table IV. Of the enzymes tested for, cellulase, hemicellulases, inulase, 
^-glucosidase, /?-galactosidase, polypeptidase and lipase were found to be 
completely absent. The remaining enzymes were detected in one or the other 
region of the digestive tract and are described below. 

Amylase, Strong amylolytic activity was always detected in the salivary 
glands, all the regions of the raidgut, and the hindgut. Although maximum 
activity occurred at pTS. 7.2, appreciable activity was also evident at pH 5.4. At 

3.0, however, no amylolytic activity was detected at all. 

Maltose, This enzyme was detected in the salivary glands and in all the 
three regions of the midgut but not in the hindgut. Its activity could be detected 
only at pH 5.4. Even at this pH value the enzymatic activity was quite weak 
since only a little quantity of glucose was liberated after an incubation of 36 hours ; 
most of the substrate remained undigested. 

OL-gahetosidase, Both raffinose and melibiose were separately used as 
substrates to detect the presence of tlxis enzjrme. Paper chromatograms revealed 
the presence of galactose in the incubated mixtures containing extracts of salivary 
glands and of the three regions of the midgut* This clearly indicates the presence 
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of an a-galactosidase in each of the region mentioned above. Activity of the 
enzyme was detected at 5.4 but not at 3.0 or 7.2. It may be noted that 
in the incubated mixtures containing rafiinose as the substrate no fructose or glucose 
was liberated as a result of hydrolysis of the trisaccharide. Instead, sucrose was 
detected in addition to galactose. 

Invertase. In order to detect and characterise the enzyme invertase in the 
digestive tract of Oxycarenus, sucrose, melezitose and raffinose were separately 
used as substrates. With sucrose as the substrate, hydrolysis of the sugar, yielding 
glucose and fructose, was obtained with extracts of salivary glands and first and 
second ventriculi. This indicated presence of invertase in these regions. In the 
third ventriculus presence of this enzyme was detected only occasionally. In 
the hindgut also its occurrence was found to be quite irregular. In all experiments, 
maximum activity of the enzyme occurred at 5.4 ; very little activity occurred 
at 7.2 and none at jiK 3.0. In comparison to other carbohydrases detected 
in the digestive tract of Oxycarenus the concentration of invertase was noticed to 
be much greater. 


TABTiTC IV 

Distribution of enzymes in salivary glands and alimentary canal of 
Oxycarenus hyalinipennis (Costa) 


Enzymes 

Salivary 

glands 

1st Ventri- 
culus 

2nd Ventri- 
culus 

3rd Ventri- 
culus 

Hindgut 

Amylaaf} 

-i” + + 

4-4-4- 

4 4-1- 

4 4 + 

4 

Maltaso 


4-4- 

4 + 

++ 

— 

a-galactosidase : 

Acting on raffinose 


4-4-4- 

-l- 4 

4 + 

— 

Acting on rnelibios© 

+ 4- . 

4- -f -f 

4 

— 

— 

Invertase : 

Acting on Suoroso 

+ + 

4-4-4- 

4 -f 

— 

± 

Acting on melezitose 

4- 

+ 4-4- 

4 

4 

— 

Trehalaae 

— 

+ + -f- 

4 + 

—• 

— 

Proteinase 

4-4- 

+ 

4 

— 

— 

Esterase 

4“ 4- 

4 + 

4 + 

4 + 

4 


Note, — (i) Plus sign indicates the presence and minus the absence of the enzyme; ± indicates 
presence of traces of the enzyme. 

(it) The number of plus signs gives an approximate estimate of the concentration of 
the enzyme in different parts of the gut. 

(Hi) The enzymes cellulase, homicellulase, inulase, /^-galactosidase, /^-glucosidase, 
polypeptidase, and lipase were totally absent. 

When the gut extracts were incubated with melezitose, instead of sucrose, 
hydrolysis of the substrate occurred in the extracts of the same regions which 
showed hydrolysis of sucrose. The hydrolysis of melezitose also occurred at pK 5.4 
only, yielding glucose and turanose. This again must be due to the activity of inver- 
tase. With raffinose as the substrate only galactose and sucrose wore found to be 
the hydrolytic products, as reported above. No fructose was liberated, which shows 
that the enzyme concerned with the digestion of raffinose is an a-galactosidase only. 

4 
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Trehalose. Acjtivity of this enzyme was detected only in the first and second 
ventriculi at 5.4. At 7.2 slight activity of the enzyme was noticeable in 
the first vontriculus but not in the second. No activity was detected at pH 3.0. 

Proteinase. Fairly strong proteolytic activity was noted in the extracts of 
salivary glands, first and second ventriculi but none in the third ventriculus and 
hindgut. In the extract of salivary glands the activity of the enzyme was greater 
at joH 7.2 than at pH 5.4. Even then fairly good activity was noticeable at 
pH 5.4. In the extracts of the first two ventriculi no differen(;e in the activity 
of the enzyme was perceptible between pH 5.4 and 7.2 However, at pH 3.0 only 
slight proteolytic; activity was detected. 

Esterase. Enzyme capable of splitting up lower esters of fatty acids was 
detected in all the regions of the digestive tract. 


Discussion 

As mentioned before, there has be(;n some diversity of opinion regarding the 
feeding behaviour of Oxymrcims on the (;otton plant. A(;cor(ling to some workers 
(Sickeribergcr, 1890 ; Willeocks. 1900 etc.) the inse(;t feeds on seeds as \vell as on 
buds, flowers Jind young bolls of cotton. Peacock (1913) reports that Oxycarmus, 
when infesting cotton [)lant, feeds almost exclusively on seeds ; but, on some other 
host plants, smdi as Hibiscus species, it feeds on almost all parts of the plant. 
Kirkpatrick (1923) has given an exhaustive discussion on the site of feeding of 
Oxycarenus. According to him all the stages of this insect ‘‘feed solely on the 
cottonseed^’, piercing ‘'the testa of rij^e seeds with their setae and (;xtra(;ting the 
juices of embryo”. He also reports that adults and nymphs “may be seen sucking 
at the gland on the under surface of the midrib of tlie leaf, near the base ; but in 
the writer’s (Kirkpatrick’s) opinion this is merely a moans of obtaining moisture 
in the absence of dew”. He also reports that the bugs may draw moisture from 
the glands of epicaly(;es as well. Ho does not clarify whether the glands he refers 
to are the ‘oibglauds’ or the nectaries present on the undersurface of large veins 
of the loaf. 

It may be remarked that Kirkpatrick (1923) makes no mention of the method 
he adopted to determine the relative ])rcference of Oxycarenus for diiferont parts 
of cotton plant and for the determination of tissues of the seed or h;af from whi(‘h, 
he claims, the insect draws its food-sap. Furthermore, he does not give any data 
nor any experimental evidence in support of his conclusions regarding the site of 
feeding of the pest. 4’he only evidence ho cites in support of his views is the loss 
in weight of cottonseeds from plants infested with Oxycarenus. This sort of evidence 
is very much indirect and cannot be relied upon since a number of other factors 
may be responsible for the loss in weight of cottonseeds in the fields. 

Experimental investigations of Saxena and Krishna (1958) have indicated 
that Oxycarenus prefers to feed on green parts, particularly the leaf, of cotton 
plant much more than on mature seed. Results of the present study go a step 
farther to contradict the conclusion of Kirkpatrick (1923). Sections of cotton 
leaf in situ with the stylets of insects feeding on it clearly show that the stylets 
penetrate deeper than the epidermis, extending mostly up to mesophyll or phloem 
tissues and rarely to xylem vessels. They have never been observed to extend 
into the nectaries or into the oil-glands scattered over the leaf. This observation 
is in conflict with the view of Kirkpatrick (1923) that the insect goes to leaf only 
for getting moisture from the glands. Similarly, sections of cottonseeds in situ 
with the stylets of insects feeding on it show that the insect never penetrates its 
stylets into the seed deeper than the seedcoat or the hull and, therefore, its stlyets 
can never reach kernel or embryo of the seed as contended by Kirkpatrick (1923). 
It appears that very hard texture of the seedcoat also plays an important role 
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in inhibiting its complete penetration by the stylets which can extend up to the 
parencliyinatous tissues of the inner integument of the seeclcoat. 

The facts presented in this paper make it possible to consider the correlation 
between the nutrients available in cottonseed or leaf and the ability of Oxycarenus 
to utilise those nutrients. It has been observed that the insects feeding on cotton 
leaf draw food-sap from both mesoj)hyll and phloem tissue at one time or the 
other. They rarely suck juice from xylem vessels and never from the oil-glands. 
In view of this, substances like gossypol, ethereal oils, resins, tannins, flavones, etc. 
(Brown, 1938), which occur in oil-glands and which are specific to cotton and certain 
other Malvaceous plants, will not be available to the insects. According to our 
present knowledge of plant physiology xylem vessels contain mainly water and 
minerals which, therefore, will be available to the insects only occasionally. Most 
of the; proteins, free amino acids, stanch, sugars and fats of tlie; leaf are distributed 
amongst the mesophyll and jdiloem tissues and will, therefore, be mostly available 
to the insects feeding on cotton leaf. 

As to the nutrients available to insects fee ling on cottonseed, it may be noted 
that the seed is rich in proteins, fats and sugars (Table 11) but these are mostly 
concentrated in the kernel. The seedcoat, from wdiich the insects draw food-saj), 
is very poor so far as proteins (3.3 per cent; Dunning, 1948) and fats (0.9 per cent; 
Guthrie et aL, 1944) are concerned. The carbohydrates, in addition to cellulose, 
present in tlio seedcoat arc : pentosans (29.5 per cent ; Dunning, 1948), raffinose, 
sucrose, glucose and fructose (vide p. 252). Small amounts of free amino acids 
also occur in the seedcoat (p. 252). 

Of the constituents of cotton leaf and seedcoat, reported above, free amino 
acids and sugars like glucose and fructose are in a diffusible form and can be readily 
utilised by the insect. Substances like proteins, starch, pentosans, sucrose, 
raffinose and fats are non-diffusible and have to be digested before they can be 
absorbed. Digestive enzymes present in the digestive tract of Oxycarenus are : 
proteinase, amylase, maltase, invertase, a-galactosidase and an esterase. Their 
presence besto\vs upon the itis(‘ct ability to digest proteins starch and sucrose 
available' in the leaf and also, to digest raffinose, sucrose and slight amount of 
I^roteiiis available in the seedcoat. Fats present in the loaf and seedcoat cannot be 
utilised by OxycarcMus due to the absence of lipase. Similarly, pentosans present 
in the seedcoat cannot be utilised owing to the lack of any hemicellulase. Absence 
of celliilase in the insect rules out the possibility of any digestion of cellulose. 

It may be noted that cotton leaf contains a much greater proportion of proteins, 
carbohydrates and fats (Table II) than the seedcoat (Table III). Free amino 
acids and sugars are the only constituents of the seedcoat whicli may be utilised 
by Oxycarenus for its nourishment. However, it is noteworthy that the insects 
feeding on seedcoat have access to raffinose which is not available in the leaf. It 
is difficult to say whether ingestion of raffinose is in any way important in the 
nutrition of Oxycarenus, 

These facts appear to show that, so far as proteins, carbohydrates, and fats 
are concerned, leaf is much better a source of food for Oxycarenus than cottonseed 
hull. 

On the basis of some of the results presented in this paper, nature of invertase 
present in the gut of Oxycarenus may be considered. Two types of invertases 
are known to occur in different organisms : /?-A-fructofuranosidase and gluco- 
saccharase (Kiihn, 1923 a, b). Both of these enzymes can act on sucrose yielding 
glucose and fructose as the initial products ; but the mechanisms of their action 
is different. The first enzyme acts on sucrose by attacking fructose moiety of 
the molecule. The same enzyme is capable of acting on raffinose (6-a-d-galacto- 
pyranosyl-a-(i-glucopyranosyl-)?-d-fructofuranoside) , liberating fructose and 
melibiose, since in this trisaccharide fructose part of the molecule is again free and 
accessible to the enzyme. However, the enzyme cannot act on melezitose 
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(3-a-r?-glucopyranosyl-y?"rf-fructopyTanosyl-a-(/-glucopyranosidc) in which the fruc- 
tose moiety of the molecule is blocked by glucose. 

The second type of enzyme i.c. glucosaccharase, also termed a-yi-glucosido- 
invertasc (Neuberg and Mancll, I960) is an a-glucosidase (Gottschalk, 1960) which 
attacks sucrose from the free glucose end of the molecule. It can also act on 
melezitose where the glucose part of the molecule is free. On the other hand, 
raffinose, where glucose moiety is blocked by galactose, cannot be acted upon by 
glucosaccharase. I'he fact that invertasc present in Oxycarcufi.'^ acts upon sucrose 
and melezitose and not on raffinose indicates that the enzyme concerned is 
glucosaccharase and not yff-A-fructofuranosidase. 
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Abstract 


The eiYocts of four hormonal herbicides viz. amine, sodium salt and ester of 2, 4-D and 
M.C.P.B. in 1,000, 2,500 and 5,000 p.p.m. concentration on ‘Aman’ variety of paddy liavo been 
investigated. The relation between the age of the crop and the suscoptibiiity to hormone 
herbicides has also been studied by giving the treatments at ‘early’, ‘pro-flowering’ and ‘post- 
flowering’ stages. 

It has been found that all the chemicals produce a certain degree of adv(3rso effect on the 
growth of paddy, seed-sterility and yield. Unlike wheat, paddy has been found to be more 
susceptible to M.C.P.B. than 2, 4-D. 

It has further been found that irrespective of the chemical and the stage of treatment, 
reduction in the rate of growth and yield and increase in the frequency of ear abnormalities 
is proportional to the concentration of herbicide. 

It has been observed that the growth is most affected when the treatinent is made at 
the early stage, while the yield is minimum at- the pro-flowering stage of treatment. The low 
yield and high percentage of seed sterility has been found to (loincide, and hence it is assumed 
that perhaps the herbicide interferes with the seed -sotting in paddy. 

Besides, a largo number of juorphological abnormalities of the (nir have becui recorded. 
Since those abnormalities occur almost exclusively when treated at the prc-flowering stage, 
they have been attributed largely to the formative disturbanc^es caused by the honnono 
herbicides. 

Prom the present investigations, it has been concluded that the most suitable stage for 
the application of the hormone herbicides foi controlling weeds in paddy is the early stage of 
the crop growth and treatment at pre-flowering stage must always be avoided. Howt^ver, 
in Crops where there is a considerable dift'eretUie in the time of flowering of weed and the crop, 
it has been suggested that herbicide treatment at the ])re-flowering stage of the w(‘eds is likely 
to exert an effective control for the next season by reducing the setting of seeds. 


Introdxtctton 

It is the property of selective phytotoxi(;ity of hormone herbicides, which 
makes possible the chemical control of weeds in agriculture. Bui, whereas the 
application of such chemicals either retards the growth or completely eradicates 
most of the broad -leaved plants, it does not leave the narrow leaved ones entirel}' 
unaffected. In monocot crops although these effects might not be very detrimental 
from the view 7 )oint of the yield, a complete knowledge of the various factors 
involved in chemical weed control is essential. Besides, it has been recorded that 
the susceptibility of the plant species varies with their ap. In other words, the 
physiology of the plants seem to bear a direct rtdationship with the effect of the 
herbicides. Unfortunately, no work has so far been done in this line in the Indian 
crop plants. 

It, therefore, seemed desirable to study the effect of some of the common 
hormone herbicides on paddy at various stages of growth of the crop, in an 
attempt to find out the relative toxicity of the different chemicals, the most 
suitable stage of gi‘owth for the application of the weedicides, as well as to study 
the different deleterious effects produced, their frequency and significance in 
relation to the yield of paddy. 
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The experiment was conducted on the field scale, at the Field Experimental 
Station of Bose Resear(^h Institute, at Shyamnagar (24 Parganas), on the trans- 
planted “Aman” paddy in a suitabJy planned lay-out. The treatments were 
made at three different stages of growth, viz., 

(i) Early (about fi weeks after germination) 

(ii) Pre-flowering (about 11 weeks after germination) 

(Hi) Post-flowering or milk seed (about 12-18 weeks after germination). 

Four different hcrbicidal products, namely, the amine salt of 2, 4-dichloro- 
phenoxy acetic acid (amine 2, 4-D), the butyl ester of 2, 4-D (Ester 2, 4-D), the 
sodium salt of 2, 4-D (Na-2, 4-D) and methyl, chloro-phenoxy butyric acid(M.C.- 
P.B.) were used in different concentrations of 1,000, 2,500 and 5,000 p.p.m. The 
chemicals were sprayed in form of aqueous solutions or emulsions, using a constant 
pressure, high volume, Knapsack type of spraying equipment. A uniform rate 
of spraying at about 80 gallons of solution per acre was maintained in all the 
treatments. Thus on an average, the treatment given was slightly higher than 
the usual so as to get pronounced effects of herbicidal injury, if any. 

The data with regard to growth, flowering, and sterility, etc. were taken from 
10 plants selected at random from each subplot. The data of the yield were taken 
from each subi)lot separately and cjompared with the ‘control*. 


Experimental Results 
Initial effects of the treatments : 

The initial effects of the treatment on paddy imjluded the wilting, yellowing 
and drooping of tlie plants. Paddy is essentially resistant to a normal dose of 
herbicidal (jhemicals at which most of the dicot wee^ds succumb. In the present 
set of treatments the iintial injury varied with the concentration as well as the age 
of the crop. However, in none of the concentrations, the initial effect of the 
treatment lasted for more than 2-5 days and the plants recovered theraftcr. The 
maximum injury was recorded in case of 5,000 p.p.m. treatments. Again the 
initial effect of the herbicjides was most pronounced when the appliciation was 
made at the early stage of the growth of plants. With the increasing age of the 
plants, there was lesser injury and the recovery was relatively quicker. 

Effect on the growth : 

Although the initial effects of herbicides disappear soon, more lasting effects 
are produced on the physiology of plants which express in the less height of the 
plant and other morphological abnormalities. 

The growth of the plants in each treatment was taken in terms of the maximum 
height attained by the plants at the mature stage. The height of ten plants 
selected at random from each subplot was taken and the data are included in 
Table I. 

Prom the table below, it will be seen that in all the treatments there was a 
retardation of the growth i.e. the average height of the plants in all the treatments 
was lower than the control. On analysing the data with the help of Graph I, 
it was seen that like the initial effects, the effect of the herbicides on the growth 
was most pronounced at the early stage, whereas there was no significant difference 
between the various treatments at the pre-flowering and post-flowering stages. 
Even the differences between the effects of the higher concentrations were not 
much pronounced at the latter stages. In other words, the height of the paddy 
treated at a relatively mature stage with 1,000 p.p.m. almost corresponds with 
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that of the control and the height at higher concentrations, viz., 2,500 and 5,000 
p.p.m. is not very much lower. 


Table I 

M(tx. height of plants in cm. {Average of 10 plants) 


Troaiiiiont \ 

\ 

Early 
1,000 2,500 
]).p.in. p.p.m. 

5,000 

p.p.m. 

Pro-flowering 

1,000 2,500 5,000 
j).p.m. p.p.m. p.p.m. 

Poat-flowering 
1,000 2,500 5,000 
p.p.m. p.p.m. p.p.m. 

Moan 

Amino ii, 4-1) 

155.6 

140.0 

140.0 

178.0 

176.0 

164.0 

174.0 

171.0 

165.0 

162.4 

Ester 2, 4-D 

164.0 

147.0 

122.4 

178.0 

177.0 

170.0 

174.0 

172.0 

170.0 

164.6 

Na-2, 4-D 

153.0 

127.6 

86.8 

161.5 

1.56.0 

140.0 

160.0 

151.0 

140.0 

141.7 

M.C.i>.T3. 

155.8 

137.4 

114.0 

168.0 

162.0 

154.0 

165.5 

160.0 

154.0 

152.3 

Control 

— 

— 

— 

— 

— 

— 

— 

— 

— 

175.0 

Mean 

157.1 

137.7/i 

1 1 15.8 

171.4 

167.75 157.0 

168.37 163.5 

157.25 




There is, on the other hand, a pronounced depression of growth when the 
treatment was made at the early stage. Here the h('ight is considerably lower 
than the control even at 1,000 p.p.m. and with the irxircasing concentrations, 
there is a steep reduction in the height of the plants; being on the average only 
115.0 cm. at the 5,000 p.p.m. 

GRAPH I 


t.OOO p.p.m. 
2,500 RRtn. 
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This vshows iliat there exists some sort of relationship between growth and 
the age of the paddy as well as the strength of the chemical. The nature and the 
consequence of this relationship will be discussed later. 

Effect on the flowering : 

The date of the first flowering in the same ten plants selected at random from 
(^ach subplot was taken and the duration for flowering was calculated from it. It 
has been found that on an average, the treatment with lu^rbicides produced no 
remarkable effect on the time of flowering. 

Effect on the Ears : 

(a) The length of the. ear : The length of the ears was taken from each treat- 
ment in an attempt to determine whether the depression of the vegetative activity 
has any corresponding influence on the reproductive acjtivity of tlie plant and is 
iiKiluded in Table IT. 


Table 11 

Length of the ears {av, of 10 ears in cm.) 


\ Stage 

TreatiiKait \ 

1,000 

p.p.m. 

Early 

2,500 ‘ 5,000 
p.p.m. p.p.ni. 

Pro-flowering 

1,000 2, .500 *5,000 
p.p.?n. p.p.m. p.p.m. 

Post-flowering 

1,000 2,500 5,000 

p.p.m. p.p.m. p.p.m. 

Mean 

Amine 2, 4-1) 

23.8 

20.S 19.6 

26.4 

24.4 

24.4 

25.0 

23.4 

23.5 

23.4 

KBier 2, 4-1) 

22.75 

22.4 17.7 

25.2 

23.9 

22.9 

26.9 

26.0 

25.05 

23.6 

Na-2, 4-i) 

24.3 

23.1 20.05 

25.5 

24.15 

25.1 

26.6 

25.8 

23.4 

24.2 

M.C.r.B. 

25.1 

23.35 20.9 

25.5 

25.7 

25.5 

25.8 

24.6 

26.4 

25. S7 

(Joiit rol 

— 

— — 

— 

-■ 

— 

— 

— 

— 

20.7 

Mean 

23.99 

22,4 19.56 

25.65 

24.5 

24.5 

26.07 

24.9 

24.59 

— 


From the table it will be seen that as in the case of growth, the length of the 
t^ars was affected to a certain degree as a result of treatment with hormone herbicides. 
Although the responses due to different chemicals do not show significant differem^es, 
there is a clear relationship between the age of the plants at the time of treatment 
and the concentration of the treatment. It was noticed that the effect of the 
tr(‘atment8 was to reduce the length of the ears to a certain extent when treated 
at the early stage of growth which was proportional to the concentration of the 
chemical used. Thus the 5,000 p.p.m. treatment has the lowest average length 
of the ear i.e., 19.56 cm. as against 26.7 cm. of the ‘control’. 

The effects of the reduction of the size of the earswill be discussed later. 

(b) Induced morphologiml ahnorrmlities of the ear : Besides the reduction 
in the length of the ears, a large variety of malformations of the ear were recorded 
in the various treated plots in course of the observations. These included — 

(1) Failure of the inflorescence to emerge from tlie sheath. Figs. 1, 2 and 3 
represent the various stages of the arrest of inflorescence. Such suppression of 
the ears following the herbicide treatment has been recorded by Unrau and Larter 
(1952) in wheat and Scragg (1952) in barley, oats and wheat. Scragg has termed 

6 
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some of these as ‘Bowed Ea^8^ (2) Epinasty of the inflorescence axis : Epinasty 
of the inflorescence axis results in the formation of ‘Screwed’ and sometimes 
‘hooked’ ears. Such ears have also been recorded in the present observation 
(Fig. 4). It will be noted that in such cases, the development of the ear is more 
or less unilateral. (3) ‘Feathery Ears’ : In two rare cases, the inflorescence was 
found to be erect and open presenting a feathery appearance, similar to ceriain 
other members of Graminae like Saccharum sp., Imperata sp., etc. Pig. 5 represents 
a normal ear of paddy while Fig. 6 shows the spread out ‘Feathery’ ear. , 

Effects on the ripening of the crop : 

Like the flowering, the time of ripening of paddy was recorded for each 
subplot. It has been found that on the average, the ripening of the crop remained 
more or less unaffected in spite of the treatments. 

Effect on the Seed sterility : 

An interesting observation, in course of the present investigation was the 
effect of the herbicides on the seed setting. It was found that in certain treat- 
ments, a large number of seeds from each ear remained empty. Therefore, ten 
plants selected at random (referred to earlier) from each subplot were harvested 
separately. The data regarding the total number of sterile seeds in each case 
were collected. On the basis of this, the percentage of seed sterility has been 
determined and is included in Table III. 


Table lit 


Percentiige of seed Herility 


Stage 

Treatment n. 

1,000 

p.p.m. 

Early 

2,500 5,000 
p.p.m. p.p.m. 

Pre -flowering 
1,000 2,500 5,000 
p.p.m. p.p.m. p.p.m. 

1,000 

p.p.m. 

Post -flowering 
2,500 5,000 
p.p.m. p.p.m. 

Mean 

Amine 2, 4-D 

11.32 

13.49 

16.20 

49.70 

14.30 

92..56 

52.68 

42.26 

46.15 

40.96 

Ester 2, 4-D 

15.64 

25.15 

19.30 

48.33 

26.02 

75.29 

41.40 

43.10 

45.52 

37.64 

Na-2, 4-D 

0.89 

10.37 

8.28 

78.35 

87.22 

88.23 

14.82 

34.79 

53.18 

42.19 

M.C.P.B. 

19.8 

14.18 

20.99 

19.01 

61.75 

72.58 

19.96 

43.25 

50.94 

35.83 

Control 

— 

— 

— 

— 

— 

— 

— 

— 

— 

14.1 

Mean 

14.16 

15,79 

16.19 

48.85 

54.82 

82.16 

32.21 

40.83 

48.95 

— 


Prom the table, it will be seen that there is a marked difference in the sterility 
of seeds, not only at the various stages of growth hut also due to different chemicals 
used in this experiment. In other words, the highest percentage of sterility is 
recorded in the application made at the pre-flowering stage (ref. Graph II), 
followed by the post-flowering stage. The minimum effect is produced when the 
application is made at the early stage. 



Fig. 1.- -Photograph K^winti an urrosted eai' of poddy in o plant treated with i,50() p.p.m. of 
1 .V ftnuno 4-D at tlie pre-flowering stage. 

,v^* {showing a partly exposed ear in 5,000 p.p.m. of amine 2, 4-D. 

l<ig. 3. i lMograph nhowing a short ear showing the offeet of tho stiffness of the ‘sheath’ on 
its development 

I ig. ^t.—Fhotoijrajph fthowintj a i)owe(l' ear showing the epinasty of the inflorescence axis and 

TfiW f’CCfr'* 



Srivastava. 


Proc. Nat Fust. Sci. Fridia, Vol. 24, B, Plato, XXVI. 



Fig. T ). — Photofjraph showimj a noraial ear ol' paddy (Fontrol). 

Fig. 6 . — Phoioijrapk showing a “feathery” infioreseenee from a plant treated with 2,500 p.p.m. 
of enter of 2, 4-D. 
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When considering the differences between the effects of the different chemicals, 
it has been found that the effect of 2, 4-D group of chemicals is more than the 
M.C.P.B. (Graph III) and that amongst the 2, 4-1) derivatives the highest sterility 
is caused by the sodium salt and lowest by the ester formulation. 



MCV’B 
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Besides, the ditferent concentrations of the herbicides also affect the percentage 
of seed sterility. The following two-way table denotes the relationship between 
the concentration of the treatment and the age of the plant irrespective of the 
chemical used. 


Table IV 

Percentage of seed sterility (cone : x stage) 


N. Cone : 

Stage 

1 ,000 p.p.m. 

2,500 p.p.m. 

5.000 p.p.m. 

Moan 

Early 

14.16 

J5.70 

16.19 

15.71 

P re -flowering 

48.85 

54.82 

82.16 

61.94 

Post-flowering 

32,21 

40.83 

48.95 

40.66 

Mean 

31.74 

37.14 

49.1 

— 


The above data suggest that on the average there is a direct relationsliip 
between the increase in the concentration of the treatment and the percentage of 
sterility induced. This can also be confirmed by Graph II. However, the effect 
is more pronounced in case of the treatments made at the pre-flowering stage — 
b(Mng 48.85 per cent, 54.82 per cent and 82.16 per cent for 1,000, 2,500 and 5.000 
p.p.m. rc.spectively. When compared to the ‘cojitror all the cheniioals secTU to 
induce a high degree of seed sterility. The causes and the consetpiences of such 
sterility wnll be discussed later. 

yidd of Paddy : 

T^ast ])ut economically l)y far the most important effect of the treatment with 
hormone chemicals is on the yield of paddy. As stated earlier, the yi(hl of paddy 
in the various treatments was reckoned in terms of the yield per sub-plot. 

When the data were statisti(!ally analysed, it has be(m found that 'controF 
gives signiliciantly higher yield than all other treatments but there is j)ra(itica.lly 
no significant variation in the yields among the four different (hemicals. 
si age of growth at which the treatment is made has an effect on the yUAd of padrly 
as is observerl from the marginal means of the Tablets Nos. V and VI 1. ('^hemi(^als 
ap])li(‘(l at early and post-llowering stages of the growth of the ]>1ant give higluT 
yi(dd than those treated at the pre-flowering stage. However, the diffei-cuuies 
between the yields of early- and post-flowering stages are not significant. 

Next, the strength or the concentration of the chemicals sc'Cins to have an 
important part to play. From Table VI, it is observed that th(^ yi(dd <lo(?reases 
with the increasing concentration of the chemical. Thus at 1,000 p.p.m. almost 
all the cliemicahs give the highest yield as compared to the two other concentrations 
(2,500 and 5,000 p.p.m.). 

All the possible interactions between the three factors i.e. chemicals, time 
of ap])lication and strength, were studied and have not been found to be significant. 
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Table V 

Mean yield in lb. j plot 
(Chemicals x Time of application) 


Time 

Chemical 

Early 

Pre -flowering 

Post -flowering 

Moan 

Control 







5.50 

Amine 2, 4-D 

2.25 

1.29 

2.43 

1.99 

Eater 2, 4-D 

2.19 

0.94 

2.92 

2.02 

Na-2, 4.D 

4.04 

1.65 

2.25 

2.65 

M.C.P.B. 

2.33 

1.67 

1.83 

1.94 

Mean 

2.70 

1.38 

2.36 

— 

S. E. of chemical 

S. E. of time 

S. E. body of the table 


= 0.31 
= 0.27 
^ 0.54 



Table VI 




Mean yield in lb. j plot 
(Chemical X stren^h) 



Strong li 

Chemical 

1,000 p.p.m. 

2,500 p.p.m. 

5,000 p.p.m. 

Moan 

Control 




. 

5.50 

Amine 2, 4-1) 

2.54 

2.60 

0.83 

1 .99 

Ester 2, 4-1) 

2.58 

1.98 

1.49 

2.02 

Na-2, 4-0 

4.00 

2.88 

1 .06 

2.65 

M.C.P.B. 

2.06 

3.00 

0 77 

1,94 

Mean 

2.80 

2.01 

1.04 

- 


Table 

VIT 




Mean yield in lb.! plot 
(Time < strength) 



Time 

Strcmgth 

Early 

Pre -flowering 

Post -floAvering 


1,000 p.p.in. 

3.67 

1.81 

2.SS 

2.S 

2.500 p.p.m. 

3.66 

1.74 

2.45 

2.61 

5,000 p.}).m. 

0.79 

0.58 

1.75 

1.04 

Moan 

2.70 

1.38 

2.36 

-- 

S. E. of time or strength 

E, of body of the table 


- 0.27 
= 0.47 
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Discussion 

The. relation between age ami s usceptibility of paddy : 

(a) Growth : Hormone herbicides generally j)rodace a growth retarding 
effect on the plant unless used in very low concentrations. Sufficient work on 
this aspect as well as on the relative susceptibility of weeds has been done for the 
ultimate purpose of the control and eradication of such ])lants. 

The growth inhi])ition recorded during the course of the present investigation 
has been incorporated in Table I and explained through Graph I. It has been 
observed that as regards growth, tlie inhibition of growth is one of tlie most out- 
standing features of the herbiende toxicity — a property which in its linal form has 
given rise to the concept of chemical control of weeds. 

An interesting observation during the course of present exj)eriinents is the 
presence of a definite relationship between the age or the stage of growth of the 
crop and the extent of the herbicide injury (paused. As recorded earlier, irrespective 
of the herbicide used, the growth of paddy is markedly affected only in case of the 
treatments made at the early stage of growth. The maximum lieight attained 
in the other two sets of treatment vi/., the pre-flowering and post-llowering stages 
docs not vary appreciably from tlui ‘control’. This suggests that at the early 
stage of growth, when tlu^ ]»lant is in a very active state of growth, the appli(;ation 
of hormone herbicides brings about certain irreversible physiologic^al disbalaiu^e. 
This expresses itself in form of an inhibition or retardation of growth as compared 
with the ‘controF. The disbalance itself may be causc^l either as a result of the 
destruction of the native auxins responsible for growth or due to an unhealthy 
competition for the active sites (on the substrates) as suggested by Foster et ah 
(1952). 

In the other two stages, differentiation and re])roduction ratluu’ than growth 
are the princi])al sites of enzymatic activity and hence tlu^ effect of the luu-bicides 
is not very pronounced in terms of the maximum height attained by th(^ plants. 
In other words, it may be said that in the lattiT two sets of treatments, the plants 
having almost attaiiuid tlu^ maximum height, the effect of herbicide is not expressed 
to the same extent. The stunting of growth of the ])lant in turn affects the size 
of the ears. As will be seen from Table II, the eai*s are largest in the control a-nd 
shortest in the plants sprayed at the early stage of growth, Howev(u*, the differemtes 
in the length of the ears in the latter two treatments are not marked as compared 
with the ‘control’. 

(b) Flowering arid maturity : The data regarding the time of flowering and 
maturity of crop at any stage of treatment do not vary much from the ‘(jontroF. 
This suggests that the treatment with hormone herbicides docs not aftec.t the 
photoperiodic resjionse of j)addy. The present observations are therefore not in 
conformity with those of Chakravarti and Pillai (1955) in Brassica compestris that 
the application of 2, 4-D and T.I.B.A. ])roduce an earlini^ss of flowering. 

Similarly, Scragg (1952) has noted that the ripening of wheat, oats and barley 
is affected as a result of the treatment with selective herbicides. However, this 
observation also could not be confirmed by the j)resent experiment, as the time 
taken for seed setting and ripening remained unaffected following the herbicide 
treatment. 

(c) Seed sterility : Hormones are known to affect the fruit formation and 
seed-setting in plants. Thus De Tar et ah (1950) in pears and Osborne and Wain 
(1950) in apple, have reported increased fruit formation as a result of the appli- 
cation of 2, 4-5 trichlorophenoxypropionic acid. Increased fruit yield has also 
been reported in certain crops like tomato through the use of synthetic auxins. 
However, in most cases the increased fruit yield is not accompanied by a corres- 
ponding increase in the yield of seeds, which is explained on the basis of par- 
thenocarpic development of the fruits, It has been suggested that the external 
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supply of auxin affects the fruit formation in two ways. Firstly, it meets the auxin 
(lelicienoy in cases whore the supply of native auxin acts as the limiting factor for 
the fruit formation. Secondly, the external supply of auxin soinetinu's provides 
the ne(5(\ssary stimulus for the growth and development of fruits, even though the 
usual pollination and fertilisation might not liave taken place (parthenocarpy). 

Despite the record of certain authors that even 2, 4-D group of chemicjals not 
only incrc‘ase the fruit yield but also enhance the seed-setting, the obvservations 
during the present investigations have been to the contrary. It has been noted 
that when ai)plic^ation was made at the early stage of plant growth, ther(‘ was no 
mark(Ml iiKi’case in the ])ercentagc of seed sterility over the control. The other 
two stagers, i.e. j)rc-flo\vering and post-flowering, responded to the spray in form 
of increased setnl-sterility, being maximum in the former. In the highest concentra- 
tion, viz., 0,000 p.p.m., seed sterility at this stage lias been recorded to be as high 
as 80 per cent. 

The observations suggest that like the growth, tin; effect of the lierbicides on 
the seed-setting is linked with tlie age of the plants. The lower effect at the early 
stage in this (taso nifiy be explained on the basis of the absem^ci of the inflorescence 
priinodia at that stages and the sufficient period of recovery allowed between the 
treatment and the diffeiH'ntiation of the inflorescence. 

Th(‘ greatest damage as static I earlier, was caused when the application 
made on about 12 week-old ])addy— i.c. the pre-flowering stage. This can be 
explained on tlu^ basis of — 

(a) The damage caused to the differentiating inflorescence resulting in the 
formation of h'wer flowws and developmental abnormalitit^s in flowers already 
formed. 

(b) The sterility may also be caused due to the upsetting of the meiosis and 
pre- and post-meioti(i mitoses both in the mega- as wtII as micro-sporogenesis. 

Of the two possible eff(M‘ts noted earlier, it may be pointed out that although 
there is a markt'd deterioration in the numher of ftTtile seeds, the total number 
of flowers formed per inflorescence is not eons])i(mously affected. Hence, tlic 
developmental abnormalities mentioned under (a) do not seem to have iniudi 
bearing oii ilu' frecpuMicy of seed sterility. 

Kegarding the second (;ause, Srivastava (1058) has recorded a higli frequency 
of nieiotic abnormalities induced in (^rofalarla junmi L., hdlowing the treatment 
of tlie iiiflorescen(;(^ wiili hormonal herbicides. Although the ineiotic abnormalities 
in the pr(‘scnt material following the treatment have not been investigated, the 
presen (^e of a large num])er of em])ty seeds suggests that the setting of the seeds 
rather than the formation of flowers has been responsible for the low yield. 

In the third set of treatment, viz., at the })ORt-flowcring or milk-seed stages, 
there is liigh frec^uency of empty seeds as compared to the control ami the plants 
treated at the early stage, but mucli lower than those treated at the pre -flowering 
stage. This suggests that the pollination having taken place, the further develop- 
ment of the s(‘ed is not affected due to the herbicidal treatnierit. But since all 
the flow^ers of any inflorescence are not mature at tlie same time, the unfertilised 
ovules as well as the immature flowws are afFce.tcd by the treatment and contribute 
towards an increased percentage of seed sterility. 

(d) Yield : The yield of paddy in lb-plot has been described earlier and 
the data analysed on the basis of relation between the different factors are included 
in Tables V, VI and VII. 

As stated earlier, it has been noted that the yield in all the treatments is lower 
than that of the 'control’. This suggests that when applied in herbicidal concentra- 
tions (as used in the usual w^eed control operations in paddy) the yield of paddy 
is adversely affected. However, a closer scrutiny of the data reveals that there 
exists a definite correlation between the age of the treatment and the consequent 
reduction in the yield. The yield varies between the three stages of application. 
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It is highest wlieti treated at tlxe early stage of growth, lower at the milk-seed stage 
and lowest at the pre-flowering stage. The variations in the yield between the 
pre-flowering stage and others are significant, although the variations between 
the early and milk seed stage are not very pronounced. This also eorres])ond8 
with the fre([uency of the seed sterility in all the treatments. In other words, 
the })resent observations suggest that the reduction in yield at various stages of 
growth is probably a fuiudion of the seed sterility caused as a result of the treat- 
ment with hormone (diemicals. 

Rossman and Sprague (1949) in maize, Moore (1950) in wheat and Kent 
d aL (1957) in wheat and oats have similarly recorded that the yield is reduced 
following the treatment with various herbicidal products of the hormone group. 

[)r(\sent data find further support in the works of Andersen and Hermansen 
(1950) and Scragg (1952) in wheat, oats and barley that the lowest yield is produced 
when the a])])lica4ion is made at the time of differentation of the inflorescence'. 
The low yi(‘ld also coincides with the highest frequejicy of morphological abnormali- 
ti<‘s of the ear, as very few have been recorded in treatments other than the pre- 
flowering. How far the statement of Andersen and Hermansen (1950) that the 
oar abnormaliti(\s do not produce any marked effect on the yield, is appli(;able to 
the ])res('nt exporinioTit (jould not be confirmed due to paucity of nuaterial. 

Moore’s suggestion (1950) that the reduction in yield was due to the tillering 
behaviour of the treated population could not be con&med. His second suggestion 
that a{)plica.tion at the flowtu’ing stage reduced yield due to reduction in grains 
f)er ear ratlu'r than eai7[)lant may now be further extended to be due to failure of 
seed-setting. 

Again the ic'tarilation of the vegetative activity due to the application at the 
early stage of growth has a corresponding effect on the yield, but least as compared 
to the other two stages. 

Considering the relationship between the age and susceptibility of paddy in 
general, it ajxpears that although paddy is susceptible to the treatment with the 
hormone herbicides at almost all the stages of growth, the maximum deleterious 
effect on the yidd is produced when the application is made at the pre-lh)wering 
stage. Th(' a])plications made at the early and post-flowering stages do not affect 
the yi(‘ld as much. Since the purpose of weed control, i.e., reducing the competition 
])etween tlie woods and the crop plants in order to provide better conditions of 
growth, is hardly served if the weeds are killed after the crop has flowered, applica- 
tion at this stage does not seem to serve any useful purpose. It is, therefore, 
reasonab](5 to assume that the most appropriate time of application of the hormone 
herbicides with regard to paddy is the ‘earlj^ stage’ of its growth i.e. about 6 week- 
old. Alternatively, it may bo said that under all circumstances, treatment at the 
pre-flowering stage of the crop should be avoided. 

As a (corollary to the above, it may also be suggested that the highest suscepti- 
bility of ])lants to such treatments at the pre-flowering stage can he exploited on 
the w^eeds, in case, there exists a remarkable difference in the time of flowering 
of the w^eeds and the crop. I’his will lead to a low rate of seed setting in weed 
plants and is likdy to serve as an effective measure of control of weeds for the 
subsequent seasons. Such treatments might be particularly useful in case of 
plantations like sugar-cane, banana, tea, etc. 

The cowjparative performajice of the different herbicides : 

Next to the stage .of treatment, the selection of a suitable herbicide for the 
weed (5ontrol purposes in different crops is very important. The data with regard 
to paddy in the ])resent observation reveal, that the vegetative growth and 
reproductive activity are variously affected by the different chemicals. 

Thus considering the growth of paddy, it would appear that irre8])ectivc of 
the concentrations applied, the most deleterious effect is produced by the sodiuixi 
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salt of 2, 4-D and M.C.P.B. The difference between the effects of amine and ester 
formulations are not very striking. 

Considering the effects on the reproductive activity, it has been noted that 
contrary to the above, there is a greater seed sterility produced by the application 
of amine and sodium salts of 2, 4-D. (Ref. Graph III). 

But the most important aspect of the effect of tliese chemicals on any crop 
is the effect on the yield. In the present case, the highest yield has been recorded 
in the ‘controP, lower in case of Na-2, 4-D and Ester 2, 4-D and least in case of the 
M.C.P.B. This suggests that the toxicity of the chemicals in the final reckoning 
is lowest in case of Na-2, 4-D. 

The present observations, therefore, are not in agreement with the observations 
of Templernan and Halliday (1950) in that, when used at the normal rate, the 
herbicides do not produce any marked effect on the yield of cereals. These 
observations also do not conform with the findings of Scragg (1952) that with 
regard to cereals 2, 4-D was a more potent herbicide than M.O.P.A. It seems that 
even the cereals vary in their susceptibility to different forirnilations. From the 
present observations, it is surmised that the condition of paddy is comparable 
to that in Galeopnis tetrahit and other cereals (Templernan and Wright, 1951) with 
regard to the susceptibility to M.C.P.B. 

It may thus be concluded that as far as possible, the use of M.C.P.A. and 
M.C.P.B. compounds should be avoided in paddy. Likewise, the study of the 
comparative susceptibility of other crops to different herbicidal formulations seems 
necessary before large scale applications of these chemicals are made in agriculture. 
4^he nece^ssit}'^ of the testing of other compounds on })addy itself is also indicated in 
order to further reduce tlie harmful effects of the herbicide even at the early stage 
of growth. 

The relation between the strength of herbicides and the response : 

It has been stated earlier that all the four herbicides produce adverse effects 
on the growth and yield of paddy. The same holds good for the three strengths 
(concentrations) of each chemical used in the present experiments, viz., 1,000, 2,500 
and 5,000 p.p.rn. It will be further noted from Graj)h I that the reduction in 
growth is dire(;tly r(;lated to the (concentration. In other words, there is an increas- 
ing severity of effect with the (joneentrations irrespective of the chemicials used 
and minimum height was recorded at the 5,000 p.p.m. concentration. 

Similarly, GrajA II suggests that within the range of treatments, the increasing 
percentage of the seed sterility is the function of concentration. It is, liowever, 
interesting to point out that the increase in seed sterility does not take place in 
the simple ratio of the concentration. That is, the increase of sterility between 
2,500 and 5,000 p.p.m. is far greater than the increase from 0 to l.(K)0 p.p.m. and 
again from 1,000 to 2,500 i).p.m. 

The yield of paddy is also affected by the different concentrations, but unlike 
seed sterility, the reduction in the yield is proportional to the concentration of the 
treatment. The above observations lead to the conclusion that a great deal of 
caution is indicated in selecting the strength of the herbicides, so as to obtain an 
effective weed control without causing much damage to the crop. Perhaps better 
results might be obtained by spraying twice with a lower or half of the strength 
of the herbicide. Further investigations on this line are, therefore, indicated. 

Nature and significance of the induced morphological abnormalities : 

The morphological abnormalities caused by the treatment with the hormone 
herbicides have been described earlier. For convenience, they are being considered 
as follows : — 

(a) Leaves : The usual leaf abnormalities produced by the herbicides are 
epinasty and the stiffness of the flag leaves. Some of the younger leaves appear 

6 
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curled and do not unfurl normally. However, these abnormalities were infrequent 
and not severe, except in very high concentrations and did not seem to affect the 
subsequent performance of the plants. 

(b) Ears : A number of oar abnormalities have been recorded in the course 
of present observations. These included the deformities like 'bowed* and ‘screwed’ 
ears, short and compact ears and cars lying partially or wholly arrested in the 
sheath of the flag leaf. Such deformities of the ear have been recorded by Scragg 
(1952) in wheat, barley and oats. Other abnormalities like paired and whoiled 
spikelets, big glumes and compound grains, frequently observed in herbicide treated 
wheat, were not found in paddy. However, in a single case (Fig. 0) a ‘feathery 
inflorescence’ or ear composed entirely of empty sc^cds has been recorded. 

It is interesting to note that there appears to be a definite relationship between 
the stage of treatment and the appearance of the ear abnormalities. As a rule 
there were few abnormalities when the treatment was made at the early stage 
and none at all at the post-flowering stage. Such abnormalities, on the otJier hand, 
were abundant at the pre-flowering stage of treatment. According to Scragg 
(1952), these abnormalities arise due to a damage caused to the differentiating 
primordium of the inflorescence. In other words, the development of the ear is 
affected due to such a treatment. This seems to be a reasonable exj)lanation in 
the present case also. 

However, other abnormalities like ‘bowed’ and ‘screwed’ ears may arise only 
due to the excessive epinasty of the inflorescence axis, while many of other ears 
fail to emerge from the sheath, partly or wholly, due to the stiffness of the flag leaf, 
also caused due to hormone herbicide. The author is not aware of any previous 
record of octnirrcnce of fertile but ‘feathery’ ear or inflorescence in ])a(ldy. It is 
therefore assumed that the occurrence of such an ear with sterile seeds may be 
explained on the basis of failure of seed-setting and stiffness of the axis. It is only 
natural that due to the emptiness of seeds, the ear gives a ‘feathery’ appearance. 

How far the low yield at this stage of treatment is due to morphological 
abnormalities could not be ascertained. But taking their frequency into considera- 
tion, the ear abnormality does not seem to have much effect on the yield of paddy 
per plot. 

(c) Seeds : Only two types of seeds were recorded in the present study, viz., 
“full” and ‘empty’ seeds. The full seeds were morphologically normal. The 
origin of the empty seeds may be two-fold : — 

(i) due to the failure of formation of the normal gametes. 

(ii) due to the developmental failure of the seeds following fertilization. 

The former arises due to the upsetting of the nuclear divisions described earlier, 
while the latter may be caused due to the physiological disbalance (jaused by an 
extra supply of auxins. Which of these two causes have played the major role 
in the failure of seed-setting could not, however, be determined from the present 
experiment. 
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Abstka{>t 

1. Early <‘arp K])awn iius boon roared with zooplanlvton and vai'ious olhrr toctj willi 
dilforont ('.ombinations of t)i'oloin, fat, oarhohydrato, loughaKo and xitainmy. 

2. Tlio record of grovvtli of variouH species and the total yield has been kept aiul tlio 
vahm of different tyi)e of food lias boon assessed. 

.*h Combination of hydrolysed proteins and (;arbohydrato (50:30) liavc gi\en the best 
results while complex proloiiis do not seem lo hu\e fjoen digested well. Pure carbohydratt' 
has given ])oor results. 

4. Girrhina reba has giown well only when fed on zooplankton and seems to dojiend 
on digestive onzyinos from thorn as it is unable to digest juotein, carbohydrate or fat by itself. 

5. Addition of vitamins has generally given butter r(\sulis but further exj>orimcn1a on 
tJu) role of individual vitamins are necessary. 

0, Artificial feeding wdth a mixture of simjdo ju’oteins and carbohydrate (50: 30) may 
1)0 done to supply food in tanks without natural food. 

7. Sorting of (drrhlua reba may be easier in tanks without ade«]uat(‘ natural loud and 
whore fry liavo been fed as above. 


Inthoductiun 

There is, at present, little knowledge on the nutrition of early carp spawn 
of Indian major carps like (Jatia catla, Cirrhimi mriyah, Labeo rohlfa and Labeo 
calbasu. (Wp el al, (1922, as (juoted by SchacpcTclaus) fouml that Europeaji 
carps below 2.5 eins. with yolk sac lived on bosmina, Auurea rochJearis, cyclops 
etc. Lehmann (as (juoted by Schaeperclaus) found that (‘ar])s of only O.o cm. 
length could exist on small cyclojis, evpris and chironoiims lar\a(\ Alikunhi 
(1952) found that the survival of tlie young fry of Indian inajoj* carps was 96 to 
l()i) [)er cent when fed regularly on live zooplankton, but survival and growth were 
unsatisfactory wh('r(» ])laiiktoni(; algae were used. Mitra and Mohapatra (1J)5G) 
found that availability of 0.1 to 0.3 cc. zooplankton pvr fry gave optimum results 
in nursery tanks. ISchaey)erc.laus (1933) as translated by Hund has stated that 
carps luiA-e no stomach prodmung the recpiired pepsin for digestion of proteins, 
but they havc^ a long intestinal tract, and protein digestion is mainly performed 
by enzymes developed in the pancreas, which however are less efl[i(‘ient than 
pepsin esj)e(iially for proteins of animal origin. He has also said that tlu' artiheial 
food is badly digested by carp-like fish, if 50 per cent, at least, of natural food is 
not given at the same time. 

The present series of experiments were (*.onducted with various artificial feed 
to compare the i*esults with those of natural nutrition in early spawm of Indian 
major carps. 


Material and Methods 

'Two (experiments were' (‘onduidt^l by rearing (‘arly carp s])a\vii 5-7 nun. 
in length collecttHl from the river Mahanadi in aipiaria of a (capacity of 15.4 cubic 
feet. To avoid growth of algae, tubcwcll w^ater with eomiiioii salt (25 p.p.m.) 
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was used and the fry were fed daily with the following feed sprayed as fine powder 
on the surface of the water. 


Protein 

Fat Orude fibre 

N. free 
extract 

I^Tsh meal 

65-70% 

6% - 

15-20% 

Ledinac 

50% 

•1% - 

40% 

Pj'ocasonol 

50% 



30% 

Kico powder 

1.09% 

— 

86.8% 

Hla(;k gram 

20.19% 

4.22 0.81 

02.20% 

Rice Jhan 

13.09% 

20.30 14.13 

35.64% 

Mustard oil cake 

36.09% 

11. U 10.05 

32.76% 

Zooplankton 

Not analysed 


Starch 

Not analysed 


Multivitamin 

Vitamin 

A- 2000 J.U. 




Bl 1 mg. 



»> 

B2 1.2 mg. 



>» 

136 0.08 rag. 




0 30 mg. 




D 200 1.U. 




E 0.2 mg. 



>> 

K 0,067 mg. 



L(‘vel of water in tln^ acjiiaria was maintained by addition of tube-well \\at(T only. 
Stocking was done by j)ieking up fry at random from a mixed collection of spawn 
as these were not identifiable as to spc'cies at this stage. Weight has been tak(ui 
as the (a’iterion of growth, rather than length. Two (‘xperiments using spavni 
(tolleeted in different floods wer(‘ made: in order to compare the results, rate of 
growth, etc. The data relating to the actual observatiotis are given in Tables 
I (A — (1) and II (A — 0), at the end, for the two experiments. 

Observations in Experiments I 

In this (‘X})erimeiit stocking was done on 21-8-50 and the fry were netted aft(‘^’ 
8 days when the majority of them could be identifled. The mortality varied 
considerably, the percentage of survival ranging between 58.1 to 98.1. In order 
to assess the nutritive value of each feed comparable aquaria liavc^ been grouped 
togf’ither based on percentage of survival. The observations on each group are 
given below. 

Experiment I — Observations in (Iroup I 

1'h(‘ surv ivals in this group range between 90 a!ul J05 out of an initial stockuig 
of 105. The yield has been maximum with f)rocaHeuol (5.20 gin.), next in order 
being zooplankton (2.05 gni,) and liver (2.28 gm.). These may be considered 
as good food. Rice powder with an yield of 1.14 gm. fish meal and multivitamin 
(1.072 gm.) and fish meal only (0.955 gm.) have given average results, while 
starch (0.509 gm.) black gram (0.594 gm.) rice bran plus multivitamin (0.780 gm.) 
have given poor results, although the yield is higher than in control (0.175 gm.) 
where a reduction in weight has resulted from 0.21 gm. initial. It is noticeable 
that only in case of liver and zooplankton all the specimens grew to a size in 8 days 
so as to be clearly identifiable. In case of procasenol* which has given the 


*Pro(!afiKmol is a hydrolysed protein trade name by Merck-8harp and Dohme Ltd, 
comprising of protein carbohydrate concentrate. 

Protein (Nx62.5) from milk and 8oya . . . . 50 G(50%) 

Carbohydrate . . . . . . . . . . 30 G(30%) 

Analytical data. . . , Av. total ash — 1.5%, sodium chloride 0.12%, calcium hydrogen phosphate 
OaHPO^ 0.55%, Magnesium-trace, Potassium-trace fat within 1.5%, 
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maximum yield, 30 specimens could not be identified, while in case of starch and 
control none of them could be identified. Analysin^^ the growth of individual 
species, it is noticed that procasenol has given the best growth in i^aila mtla 
(0.065 gm.) and Oirrhimi mrigahi (0.068 gm.), liver in Ija,heo rohiUi (0.066 gm.) 
and zooplankton in case of Cirrhina reha (0.02 gm.). The effect of procasenol 
on Jjobeo rohita and Ijobeo calbam could not be studied as these were unrepresented 
in this group. Adopting the classification as below the comparative value of 
each feed c^an be tabulated as follows : 


Very good 
Good 
Average 
Poor 

Very poor 


0.065 — 0.15 gm, 
0.032 — 0.050 „ 

0.021 — 0.029 
0.011—0.019 „ 

below 0.01 1 


Catla caOa Labeo rohita Cirrhina mrigala 


Fish meal 

a 

Av 

Av 

Liver 

Av 

V.G. 

G 

Rice powder 

Av 

X 

Av 

Zooplankton 

Av 

G 

G 

Rice bran plus 
multivitamin 

P 

X 

P 

Fish meal plus 
multivitamin 

G 

X 

G 

Black gram 

P 

V 

P 

Procasenol 

V. G. 

X 

V. G. 

Starch 

X 

X 

X 


Laheo calbastu and (^rrrhina rvha have* not been grouped above being slow' growing 
species. Liver and zooplankton have given good growth to the former. 

The effect of all artificial feed on Cirrhina reim has been unsatisfactory and 
only zooplankton has given a growth of 0.02 gm. as against the range of 0.003 to 
O.OOS gm. in other feed. Rice powder seems to have given best result next to 
zooplankton with a growth of 0.008 gm. average. 


Observations in (jRoup II 

The survival in this grou]) ranges from 75 to 80 out of 105. The maximum 
yield is 0.79 gm. as against 3.26 gm. in group I. According to standards laid 
down for group T, the elassificafion of feed may be made as follows : 


Catla catla Labeo rohita Cirrhina mrigala 


Starch plus 

multivitamin XXX 

Rice bran Av P Av 

Mustard oil cake G X O 
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Obsruvationts risr ( iaovi * TIT 

Tn tin's j^roup growth was v('ry ])oor in both Lahoo raJhasu a-nd (^irrhhta reha, 
'J'he survival in this grouj) ranges between 57 and bS out of 105 and the relative 
value of the fee^l is tabulated below. 


Caila catla baboo rohita Cirrhina mrigala 


Rico powder 

plus ANDEC a X 

Ledinao Av (I 

Black Gram plus 

multivitamin P P 

Rico powder P P 


Av 

G 


P 

P 


Experiment TT 

The experiment was done with Malianadi spawn collected at Nuapatna on 
.‘lO-S-Hb and the period of rearing was two weeks against one week in experiment T. 
The average mortality has been found to be higher in this case which may be due 
to the spawn being from second flood, damaged in transit or other causes. In 
ord(T to hav(* comparative data on growth in 8 days, fish out of three aquaria 
where growth was perce])tib1e were removed and the redative merits of the various 
f(^ed are indicated l)e1ow for this group only. 

CVmsklering the relative merits according to standards laid down the results were : 


Catla caila babeorohila Cirrhina mrigala 


Prooaaenol 

VG 

VG 

G 

Pish moal 

G 

VG 

G 

Fresh liver 

G 

Av 

VG 


As the survivals are not^ comparable it is not possible to judge the relative 
growth of the various species in the two ex])eriments. hi general all the three 
types of food have given good results and growth has been comparalfle. 

In the second series of experiments with a rearing period of 14 days three 
groupings have been made according to survival. Tn the first group the siir\'ival 
ranged between 82 and 97 out of 105, the highest total yield being from rice powder 
and ABDEO (3.343 gm.), Ledinac (3.19 gm.) and Black grams with itiultivitamin 
(1.716 gm.). The effect of various feeds is tabulated below. 


Catla catla baboo rohita Cirrhina mrigala 


bodinac G G G 

Rice powder and 

ABDEC G O G 

Black gram and 

multivitamin Av G G 
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CirrJmia reba showed poor growth with rioo powder tand ABDEO and Black 
gram and multivitamin. 

Tn the second group 04-72 fish survived out of 105. The yield was 2.208 gm. 
with zooplankton, as against ‘hll gm. with rice powder and ABT)E0 in group T. 
The relative effect of the various feeds is tabulated below. 


Caila catla Labeo rohita Cirrhina mrigalu 


Zooplankton 

Av 

G 

X 

Rico bran 

Av 

Av 

P 

Rice powder 

Av 

G 

Av 

Black gram 

Av 

Av 

G 


In group in, the survival fluctuated from 10-58 out of 105 and the maximum 
total yield was only 1.05 gms. with fish meal and multi\'itamins. The relative 
value of each food is tabulated below. 


f^at-la catla Ijabco rohitn Cirrhina mrigala 


Starch and 


multivitamin 

X 

X 

X 

Black gram and 

multivitamin 

G 

Av 

G 

Rice and multivitamin 

G 

Av 

(J 

Mustard oil cake 

VG 

Av 

VO 

Fish meal and 

multivitamin 

VG 

G 

VG 

Starch 

P 

X 

P 


In general it is seen that fish meal has given good result with (^atla catla and 
with vitamins the results have been very good. Tn Lahco rohiUi tin' result vari('s 
from average to very good with or witliout vitamins. Tn (^irrhma ntirgahi tin' 
result is average to good and very good with vitamins. Fresh liver has giv('n 
average to good result with ('atla. catla, average to very good result with Laheo 
rohita, and good to very good with Cirrhina mrigala. Zooplankton has given similai* 
result as liver i.e. average with Catla catla, very good with Laheo rohita and good 
with Cirrhina^ mrigala. Procasenol has given very good result in all (jases. Black 
gram has yielded poor to average result in Catla catla, Ijibeo rohita and poor to 
good result in Cirrhina tnrigala. Black gram with vitamins has given average 
result with Catla catla and Cirrhina mrigala. Mustard oil cake which is commonly 
used as fish food has given very good result with Catla catla and Cirrhina mrigala 
and average result with Labeo rohita. Rice powder without vitamin has given 
poor to average result with Catla catla and Cirrhina mrigala, good result with 
Labeo rohita., with ABBEC, the result has been good in all cases. In case of rice 
bran without vitamins the result is average in Catla catla and Labeo rohita, poor 
in Cirrhina mrigala. With multivitamin the results vary from good to poor in 
Caila catla. and Cirrhina mrigala, average in Labeo rohita ; starch with or without 
vitamin has given uniformly poor results. Procasenol, fresh liver and zooplankton 
may be said to be fattening food as shown in experiment I and Ledinac and rice 
powder with ABBEC in experiment II, . ... 
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Variation in growtli under difFerent feeds has been considerable as indicated 
below. 


A oi'rmje weight in grams 

Minimum Maximum 


Catla catla 

o.ou 

0.065 

Labeo rohita 

0.018 

0.066 

Cirrhina mrigola 

0.011 

0.068 

L((bco calbasu 

0.004 

0.021 

('Irrhina reha 

o . oo ;{ 

0.02 

(Uxtla catla 

O.Ol 

0.15 

Labeo rohita 

0.02 

0.045 

Cirrhina mrigala 

0.01 

0.065 

Labeo calbasu 

0.01 

0.042 

Cirrhina rcha 

o . oo:i 

0.021 


l)lS(‘l'SSlON 

Comparatively very little work has been done on the nutritional reciuireinents 
of the Indian ear]) spawn at a very early stage, altliough detailed study has been 
made abroad in eulturabk^ fishes, ])articularly trout. According to compilation 
of results by Hall (1949) 2.09 to 9.29 lbs. of beef, liver 70 per cent and salmon egg 
meal 90 ])er (amt are re({uired to ])rodu(*e I lb. of rainbow and brook trout. Proteins 
do not take the first placic in food : excess carbohydrates interfere in the digestion ; 
and fish for (juick growth do not najuire roughage. Alikunhi (1952) considers 
zo()})lanktoj) adequate for proj)er nutrition of early carp spawn. 

The pres(uit exj)eriijients show appreciable growth of carp spawn at a stage 
of 5 to 7 in in. just after absorption of the yolk sact on a mixed diet of protein and 
( arbohydrate only without any combinations of natural food. 

It may be ju’esumed that the digestive juices have been able to digest a 
substantial part as is indicated by the follow ing figures : 


Qwint 'du of food required to produce one gram of fish 


Procaseiio] 

Z(joplankt(3n 

Ijiver 

nicii i)owdcr 
Pislv meal 


11.2 gmn. 


Procasenol and liver, however, have given better results than zooplankton, 
but if it is considered that lioth procasenol and liver are concentrated while 
zooplankton contains considerable water it is difficult to say to what extent the 
artificial food is superior to zooplankton. It is, however, clearly shown that early 
carp spawn in the absence of zooplankUm obtain good nutrition from proteins 
mixed with carbohydrate. This is of practical importance in rearing carp spawn 
in tanks where natural food could not be grown. 

Generally protein-rich diets have produced better results, while starch by 
itself has not been digested. Presumably the assimilation capacity for starijh 
is poor. In case of proteins, hydrolysed proteins have been better absorbed. 
Although the r()le of each kind of vitamin has not been studied in these experiments, 
addition of multivitamins has yielded comparatively better results. Zobairl 
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Table 
(Experiment i, 




C. Catla 


L. roliita 


L. calbasu 


No. 

A.L. 

A.W. 

No. A.L. 

A.W. 

No. A.L. 

A.W. 

Fish meal 

o 

1.41 

.035 

7 1.35 

.029 

21 0.9 

.007 

Liver 

2o 

1.63 

.02r» 

r> 1.75 

.001) 

22 1 . 25 

.021 

Hiee i^owder 

21 

1.27 

.022 

— 

. - 

— 


Zoo})laiikt()ii 

13 

1 .02 

.024 

S 1 . 05 

.040 

12 1.45 

.02 

Hieo bran plus 
Multivitamin 

11 

1.12 

.010 



10 .07 

.014 

Fishmeal plus 
Multivitamin 

\:^ 

1.41 

.033 





Blaekgram 

12 

1 .07 

.011 

0 1.2 

.OIS 

5 .7 

.(•04 

Procasinol 

31 

1.70 

.000 

— — 


— 

-- 

Starch 

— 

. __ 

— 

— 

— 

- . — 

— 

Control 

— 

— 

— 

— — 

— 




(Experiment /, 




C. Calta 


L. rohita 


L. calbasu 


Nature ol’ I ced 

No. 

A.L. 

in 

ems. 

A.W. 

in 

gms. 

No. A.L. 
in 

ClllS. 

A.W. 

in 

gins. 

No. A.L. 
in 

ems. 

A.W. 

Ill 

gms. 

Starch multivitamin 

It ice bran 

Mustai d oil 

10 

0 

1 .IK 
1.30 

0.022 

0.03 

1.4 

0.011 

10 0.87 

0.0 105 


Table 
(Experiment 7, 




(Jatla 

L. rohita 


L. calbiLsu 


Nature ol food 

No. 

A.L. 

in 

ems. 

A.W. 

in 

gms. 

No. A.L. 
in 

ems. 

A.W. 

in 

gms. 

No. A.L. 
in 

ems. 

A.W. 

in 

gms. 

Kico powder 

10 

1.35 

0.033 

— 

— 

— — 

— 

ABDEC 

Lodinac 

17 

1.38 

0.029 

8 1.52 

0.036 

— — 


Black gram and 

Multivitamin 

2 

J.12 

0.015 

21 1.12 

0.016 

14 0.8 

0.004 

Bice powder 

8 

1.13 

0.015 

6 1.2 

0.018 

3 0.8 

0.003 

Control (no ft>ed) 

*— 

— 

— 

— — 

— 

— — 

— 



THE CARP SPAWN OP TlIE MAIIANADl RIVER 


lA 

Observation in Group 1) 


281 


(J. nirigala C. roba Unidontifiod Total Total Total Period 


No. 

A.L. 

A.W. 

No. 

A.L. 

A.W. 

No. 

A.L. 

A.W. 

no. of yield feed of 

survi- in in rear- 

val gms. gins. ing 

10 

1.2S 

.025 

11) 

0.86 

.00.4 

27 

.8 

.004 

00 .033 12 8 days 

20 

1 . 55 

.o:iH 

27 

1.0 

.00.47 

— 

— 


100 ,, .. 

IS 

i.:i 

.025 

15 

0.74 

.008 

15 

.75 

.004 

00 1.14 „ „ 

10 

I .4 

.0,47 

47 

1 . 50 

.02 

- - 

— 

— 

00 2.63 „ 

20 

1 . 10 

.Oil 

2S 

.74 

.003 

31 

.85 

.004 

01 0.786 „ „ 

12 

1 ,3:i 

.Oil 

;io 

.88 

.003 

25 

.8 

.0036 

01 1.072 

I 1 

1 . 

.0.4 

20 

.74 

.003 

.46 

.6 

.003 

00 0.504 - 

U 

1.7 

.OfiS 

15 

1 .00 

.004 

30 

. 7 

.004 

00 3.26 

__ 


- 

0 

. 7 

.003 

07 

. 7 

.003 

103 0.300 - 

— 

— 

— 

— 

— 

“ 

58 

. 74 

.003 

580.175 — 


A.L. in emK.- -Averago Leiigtb in cm8. 
AAV. in gm«. — Av(3rago weight in gins. 
Initial stocking : No. 105 

Size — 5-7 min. 

Av. Wi. — . 002 gms. 
'I’otal weight : . 2 1 gms. 


hi 

Obficrvalions in (Jroup II) 


C. mrigala 0. roba Unidentified Total Total Total Period 

no. yield feed ol 


No. 

A.L. 

in 

cnis. 

A.W. 

in 

gms. 

No. 

A.L. 

in 

cms. 

A.W. 

in 

gms. 

No. 

A.L. 

in 

cnis. 

A.W. of in in roscar 

in survi- gms. gins. ch 
gins. val 







10 

0.71 

0.0031 

6) 

0.7 

0.003 

80 0.243 12 8da>> 

8 

1 .30 

0.021 

15 

0.73 

0,003 

10 

0 7 

0.003 

75 0.714 -- 

0 

1 .56 

0.037 

27 

0,75 

0,0037 

30 

0.7 

0.003 

75 0.70 „ 


U: 

Observafions in (jroup III) 


C. mrigala (^. roba Unidentified Ti.lal Total Total Period 

— iH>, feed yield of 


No. 

A.L. 

in 

cms. 

A.W. 

in 

gms. 

No. 

A.L. 

in 

eins. 

A.W. 

in 

gms. 

No. 

A.L. 

in 

ema. 

A.W. 

in 

gms. 

of in in rear’ 

survi- gms. gms. ing 
val 

13 

1.25 

0.021 

18 

0.77 

0.003 

27 

0.75 

0.003 

68 0.741 12 8 days 

16 

1.42 

0.032 

3 

l.il 

0.006 

23 

0.7 

0.003 

67 1.32 - 

34 

1.10 

0.018 

0 

0.8 

0.004 

16 

0.7 

0.003 

64 0.581 

10 

1.26 

0.021 

<•> 

0.8 

0.003 

28 

0.7 

0.0037 

.57 0.550 - 

— , 


— 

— 

- 

— 

58 

0.74 

0.003 

58 0. 175 No fec'd ,, 


2 
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Table 

(Ejapennient //, 




('. Oat la 


L. rohita 


L. caibabii 

Natuir ol Ictod 

N^o. 

A.L. 

AA^ . 

No. A.L. 

A.W. 

No. V.L. 

\.W. 



in 

in 

in 

in 

in 

Ill 



01118. 

gni8. 

cnis. 

gins. 

cniH. 

gms. 

Lo(tina( 

.‘{S 

I 3.1 

0 033 

2 4 1 34 

0 034 

2 1 4.1 

(» 042 

Hice puwdei A13DEC 

H4 

l.«5 

0.0.128 

10 1 42 

0.0323 

- — 

— 

Black giain and 
Multivitamin 

:n 

J..1 

0 02 

1 1.0 

0 03 


— 


'PVHLI] 
(Experiment 11 y 




( Catla 



L. rohita 



L. calbasu 

.Naluic ol Joed 

No. 

\.L. 

in 

cin*^. 

A.W. 

in 

gins. 

No. 

A.L 

in 

cins. 

V.W. 

tn 

gms. 

No. 

A.L. 

Ill 

Clllb. 

V.W. 

in 

glllH. 

Zooplankton 

30 

1 33 

0 023 

13 

1 33 

0 03 

21 

] 1 

0 03 

Hicc hi an 

23 

1 3 

0.022 

3 

1 2h 

0 02H 

3 

0 8 

0 010.") 

Hico powdoi 

27 

1 30 

0 02.1 

0 

1 33 

0 03 

3 

0 9.1 

0 005 

Black gtam 

32 

1 47 

0 02.1 

4 

1 32 

0.020 

3 

0 93 

0 (KI4 


'P VHLh 

(Expunmut 11 y 


(’atla L. joluta L, calbaMu 


Nal UK IihmI 

No 

\.L 

in 

ems 

A.l’S 

in 

gnib. 

No. 

A.L. 

in 

cniK. 

A.W. 

in 

glUb. 

No 

\.L. 

in 

cms. 

A.W. 

in 

glllH. 

Starch and 










multivitamin 

- 




- 

- 

- 

— 


i^ulftepowder ond 










multivitamin 

10 

1.24 

0J13 

.1 

1.38 

0.023 

- 

— 


Uico bran and 










multi\ itamiii 

11 

l.,17 

0.030 

7 

1 . 34 

0 022 

1 

1 2 

0 023 

(.Imtrol 

.1 

1.12 

0.01 


- 



— . 

— 

MuHtard oil cake 

7 

i 9! 

0.08 

3 

1.4 

0 023 

— 



Pi«h meal and 










multivitamin 

3 

2.24 

(M.l 

H 

1.6 

0.04.1 

1 

1.2 

0.03 

Starch 

.3 

1.02 

0.012 

— 


— 

— 

— 

— 
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Ohaeroations vt (froup 1 ) 



C. mrigala 


C. reba 


Unidentified Total 

- - - — j^o. 

Total 

yield 

in 

gn\8. 

Total 

food 

in 

gin 8. 

Period 

of 

rearing 

No. 

A.L. 

in 

oins. 

A.W. 

in 

gms. 

No. 

A.L. 

in 

cms. 

A.W. 

in 

gmH. 

No. A.L. A.W. of 

in in survj- 

cmB. gms. val 

31 

1.34 

0.032 

2 

1.0 

0.023 

_ __ — 07 

3.10 

21.0 

1 4 days 

31 

1 .5 

0.030 

0 

0.30 

0.0I."> 

3 0.7 0.003 87 

3.343 

— 

>» 

20 

1..J 

0.04 

13 

0,0 

0.007 

22 0.72 0.003 82 

1.716 

— 

>» 


TIh 

Ohaervai 

( 

iioua in 

group 

//) 

('*. reba 








mrigala 


Unidentified 

Total Total Total Period 
• no. yield feed of 
of in in rearing 

survi- gms. gms. 
val. (days 

No. 

A.L. 

in 

cm«. 

A.W. 

in 

grams. 

No. 

A.L. 

in 

ems. 

A.W. 

in 

grains. 

No. 

A.L. 

in 

ems. 

A.W. 

in 

gms. 


— 

— 



— 

— 

— 


72 

2.208 21.0 14 

10 

1.18 

0.0115 

— 

— 


29 

0.7. 

0.003 

68 

0.9.55 *- 

14 

11 

1.37 

0.023 

1 

1.17 

0.021 

15 

0.7 

0.003 

66 

O.Ofi — 

14 

22 

1.62 

0.032 

.) 

1.2 

0.018 

— 



64 

1.668 — 

14 

lie 












Ohservationa in Group HI) 









< 

V'. mrigala 


0. reba 

Unidentified. ' 

Total Total Total 

Period 











of 

No. 

A.L. 

A.W 

No 

• A.L. 

A.W. 

No. 

A.L; 

A.W. 

of 

in in 

rearing. 


in 

in 


in 

in 


in 

in 

survi* 




oms. 

gms. 


orn. 

gms. 


cms. 

gms. 

val 1 

gms. gms. 

(days) 






5 

0.91 

0.008 

59 

0.85 

0.005 

58 

0,201 21 

14 

7 

1.25 

0.0307 

5 

l.OH 

0.019 

24 

0.7 

0.003 

57 

1.01 21 

14 

S 

1.85 

0.04 

9 

1.17 

0.012 







36 

0.745 21 

14 

3 

l.l 

0.01 





— 

28 

0.75 

0.002 

36 

0.108 N.f. 

14 

4 

1.72 

0.065 

2 

1.3 

0.021 

10 

0.7 

0.003 

28 

1.152 21 

14 

4 

2.02 

0.12 

7 

0.91 

0.01 

11 

0.76 

0.002 

26 

1.65 „ 

14 

3 

1.03 

0.011 

5 

0.84 

0.003 

6 

0.7 

0.003 

19 

0.126 ,, 

14 


Not fed. 
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INDTTMATI lUS : NUTRITION OF THE OAR? SPAWN 


(li)r>()) liiis noted tliat al)sence of vitamin Bjg disintegration of fin mem- 

branes and loss of equilibrium in (Ujprmns mrpio after about ISO days of rearing 
with ])ea nut and fish meal (10 : 1). No abnormal eondition lias been noted in 
acjuaria without vitamins within the short rearing period of 14 days. It is likely 
that tlie jxwiod of roaring was not sufficient to make the deficiencies manifest. 

Survival in aquaria has been very high in the first flood fry and the findings 
are in keeping with th(' results of previous authors (Alikunhi, 1952). There is 
gtmoral agreement that while lack of nutrition affects growth it does not lead to 
mortality unless there is complete lack of it and the cause for mortality has to be 
traced to unfavourable physico-chemical conditions and predators, the lattei* 
being the more important factor. Mortality is also caused by disease e.g. fungus 
in fry, injured in transit or otherwise. The variation in mortality in the at[uaria 
is coiisiderable and is aiicounted for by injury in handling at the time of stocking 
as the fry was (uiuntcd individually. By taking observations on the grou[)ings 
made ac(;ording to survival the availability of food is kept constant in a ]>articular 
group and error has been minimised. 

The digestive (-ajiacity of protein by ('irrhim reha seems to be different from 
that of the major carp sjiawn as it has showui very poor growth under all types 
r)f artificial food used, but growth is good in case of zooplankton, (^irrhhia reha 
is th(‘ main unwanted variety mixed wdtli the s})awn of major carps and it may 
be of practical value to feed mixed spawn with suitable artifitn'al feed only, instead 
of zooplankton, to facilitate mechanical sorting. 

The sjiecially significant results given by pro(*.asenol suggest that a suitable 
cheaj) food mixture shoidd (consist of simple [woteins and carbohydrate in a 
proportion of 50 : 50 wuThout roughage. FurtluT experiments ixiv neci^ssarv on 
the ])art played by individual {)roteins in the nutrition of early spawn. The residts 
have ap])licability in nurseries where growth of natural food is poor, or manuring 
etc. have not been possible. 
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Abstract 


Tlio iiii]j()rtiiuco of ny‘*tofoiuperjituro iji tbo msisltuico/susi'.ept ihility relat ioiisliip of p»wUly 
fo l)last in (lis(!UHstHl in rolaiion to tfio nifrof?(‘n inolabolirtin of flir liost. Tfu* prolwiblo signi- 
ficance of cuticnlar ('xcrotions in modifying fbe physico-chemical naimt* of the leaf blade and in 
stimulating/inhibit ing spore germinal ion at the irifecti(»n court or in ])rf)moting micro]>ial an- 
t.ag<mism in the p]iy]los])horo lias also been indicated. 


Introductfon 

A (Titiual ooiisidcration of ilie previous literature rt^^arding tlu'. iufeetiviiy and 
spread of Piricularia oryzao on rice plants reveals that low temperatures (24 to 28T.) 
and high humidities (abovt? 90 per cent) favour infection (Anderson ot al,, 1947). 
In the field, in(?idence of disease is maximum in crops sown in October when these 
conditions are more or less fulfilled (Thomas, 1940). Hashioka (19436) however 
(jonsidered tfunperaturc to be more important than humidity for successful infection. 
It has also been observed that resistance increases with rise in air and soil tempera- 
tures (Hashioka, 1943(/) as well as with the age of the host (Hashioka, 1943c). Patho- 
genicity seems to be lower in the booting than in the seedling stage (Abe, 193fi) and 
in the same ])lant suscejdibility appears to be greatest in the middle lea\es and on 
spikelets (Abe, 1937). Imura (1938) noted that while initial infection by P. oryzao 
is at an optimum with slight shading, lesions enlarge later under greater light 
intensity. 

Anothei* as})C(5t ol tin*, problem is that of the influence of nitrogenous fertilizers 
on susceptibility. That increased application of nitrogenous fertilizers increased 
the disease jnoneness of susceptible types but had little or no effect on resistant types 
has been confirmed by many workers (Thomas, 1938 : Sawada, 1940 ; Krishna- 
swami, 1952). Hashioka (1944a, 6) considered that tlie relation )>etween resis- 
tance and the environmental temperature has to be ascribed mainly to the nitrogen 
metabolism of the host as this influence of fertilizers on resistance is stronger at 
lower temjieratures. He concluded that in general the resistance-suseej)tibility 
relation is more strongly influenced by temperatun^ than by fertilizing. Otani 
(1952) observed that the amount of soluble nitrogenous components is apparently 
connected with susceptibility and there existed no relation between sugar content 
and susceptibility. Aspartic acid was found to be low at the season of maximum 
susceptibility to P. oryzae (Tanaka and Katsuki, 1952). 

In spite of the increasing emphasis laid on root excretions and their impact 
on the root surface and rhizosphere microfloras in relation to soil-borne fungal 
diseases, an analogous situation arising at the leaf surface by way of cuticular 
excretions is rather little recognized though Brown, as early as 1922, indicated that 
organic metabolites and inorganic ions diffusing out of the cell interior to the exterior 

VOL. 24, B, Nq. 6. 



2 H (\ s. suryanarayanan : mechanism of rrsistanok of paddy 

of the eiiklerniis stimulated the germiiiatioji of coiiidia of BotryliH cinerea. In their 
i‘eoent report, Kovaes and Szedk<* (1956) have indicated the inhibitory/stimulatory 
influence of outicular excretions ())y exosniosis) on the germination of spores ot 
Botrytifi cinerea^ Puccmia iriticina and other fungi. Hafiz (1952) surmised that the 
greater secretion of mali(i acid by gram (Vicer arietinum)^ resistant to Mycos- 
phaerella blight was detrimental to spore germination and germ tube growth. 
The fungistatic propc^rtit^s of leaf exudates were demonstrated by Topps and Wain 
(1957). Recently, in this laboratory, chronifatographu^ analysis ol’ loaf ex(jretions 
of paddy, resistant and susceptible to P, oryzae, has shown certain difFerences in 
their amino acid and organic acid compositions (vSubba Rao and i^uryanarayanan, 
1957). 

That organic and inorganic nutrients are indeed lost from plant foliage by 
leaching has been firmly established by Long ei al. (1956) in their radioisotope 
studies. This loss has been observed to occur throughout the growing season, with 
the quantities increasing greatly just before maturity and death of the foliage, the 
rate of loss being influenced by a variety of factors as light, nutrient level, matura- 
tion of the foliage, etc. Large quai\iities of reducing substan(‘e(s) and ninhydrin- 
])ositive materials suggesting a polypeptide in the original samples have been foiuid 
in the leachates. Losses of K, Oa, N and P were also recorded. 

In view' of the foregoing considerations on cuticular excretions, it then becomes 
obvious that the phenomenon of microbial antagonism assumes an equal importance 
at the leaf suface as it does at the remoter regions of the plant, viz., the root and 
in the rhizowSphere. Comparatively little work has been reported on the interrela- 
tionships, be it synergistic, (competitive or antagonistic}, of phyllosphere micro- 
flora in relation to an airborne infection like the blast of paddy though Hemmi 
et ah (1936) found that admixture of conidia of P, oryzae and OpMoholus wiyahe- 
anvs in the inoculum reduced their pathogenicity to rice. Similarly, Kitani (1941) 
recorded a yellow', gram-x)Ositive bacterium often associated with P. oryzae tending 
to reduce the occurrence of the disease, but not the size ol the leaf spot. T3ven 
though the phenomenon of antagonism is not likely to be so pronounccnl on tin* 
leaf surface as it is believed to be in the rhizosphere, it is, nevertheless, a c.ase in 
point at least in the earli(*r stages of grow th of a pathogen on the intact foliar sur- 
face. It is, therefore, reasonable to assume that the nature and the amount of 
substances present in the cuticular excretions might as well play a role, though in 
an indirect and lesser measure, in the disease proneness of the host. 

Besides the above, it is relevant to mention here that the blast disease of rice 
occurs under this laboratory conditions as well as in the field only during tin* 
winter months, December and January and that the author has noticed in the past 
seven years that more frequently than not, infection frequently fails to establish 
on susceptible plants raisenl under ordinary green house conditions even during th(' 
(}older months with adequate humidity. Similarly, the incidence of the disease^ 
in the field has been observed to fluctuate widely from year to year. It then needs 
hardly any emphasis that the prime requisite for a careful evaluation of the problem 
on hand is one of examining the factors governing susceptibility rather than resis- 
tance. In other w'ords, in the last analysis, w^e might expect that an understanding 
of the biochemical mechanisms at play in the phenomena of resistance and suscep- 
tibility would lake nearer the solutoin than an intimate analysis of the biochemical 
constituents of the genetically resistant and susceptible types. The attempts made 
in this direction are described below. 

Methods 


Temperature and humidity control 

In the earlier experiments the desired temperature of 24 to 26®C and 100 
per cent humidity were achieved in a well insulated incubator by evaporative 
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oooliiig of water by means of compressed air. For lower temperatures below 24°C 
a thermostatically controlled refrigerating system was used. 

( Vironuitof/mphic techniques 

Both circular paper chroma.togra])hy as standardized in this laboratory and 
tlu‘ micro-as(5ending techni(iue of Roc^kland and Dunn (1940) w(a’e used. 

Sporvlation of the pathogen 

Obtaining spores in sufficient ^pianta for artificial inoculation studies is 
another difficulty that is usuallly met with in this problem. Although previous 
studies in this laboratory liave indicated that tlie fungus sporulates normally on 
I pej cent potato-dextrose agar (Apparao, 1959), the intensity of sporulation depends 
again on the temperature of incubation. It has also been observed that old cultures 
maintaiiKHl on potato-dextrose agar beocmie progressively non-]>athogenic and evaui 
fail to grow on sterilized straw bits while fresh isolates grow readily on them and 
sporulate profusely (Survariarayanan, lOon). In the present study, fresh isolates of 
P. oryzae were therefore made and stock cultures maintained on *1 })er cent potato- 
dextrose agar. Tnitially spores w<‘n‘ obtained from sterilized straw cultures but by 
the third subculturing the fungus failed to grow over this substrate and now' this 
apparent failure of the fungus io grow on stem bits is ascribed to the augmented 
environmental temperatur(\ for. such cultures when incubated at 24 to 2()T readily 
colonized the straw bits and sporulated. In the course of these investigations it 
was also obsetw ed that colonies developed from spores produced spores in greater 
quantity than those developed from sterik* mycelial bits. So tht‘ methorl of 
injecting a drop of s])ore suspension w ith the helj) of a sterile hypodermic syringe 
was resorted to while subculturiiur the new' isolates in preference to the conven- 
tional method of iiKxmlating with bits of agar. 

Methods of obtaining spore suspen,sion 

In studies of spore germination it is appajent that a suspension of s])on\s fnM' 
from mycelial bits should be olitained. The usual practice of adding w'ater and 
vigoiously shaking thc' cultures or d(‘taching the conidia with a platinum looi) 
always resulted in an admixture of (umidia and mycelial bits. DiffcTeutial centri- 
fugation was not useful in this direction. A method had to be sought in which 
c-onidia alone w ould be fletachcd and the use of a synthetic det(>rgent like ‘1hve(m-20’ 
(tris (polyoxyethylene) sorbitau monolaurate) was*^ found to fulfil the purpose. Con- 
(Uirrently the toxiiuty of ‘Twwu’ to Piricutaria spores was also evaluated and a 
concentration below' 9.95 }>ei' cent w'^as satisfactory. Washing spores free of adhering 
metabolites could be achievixl only when a 9.9 per cent saline was used, for. 
(Huitrifuging a water siispensiriu of Piricutaria spores even at 7.999 r.]),m. in an 
International Oentrifuge did not effect sedimentation. 

The, phyMco-chemiml properties of the leaf blades of rice 

fnasmuch as the surface of the leaf blades of l ice is highly liydrojdiobic, it is 
impossible to place a drop of aqueous spore suspension over the leaf. On the con- 
trary an aqueous suspension containing 0.05 ])er cent Tween' not only greatly 
increased the w^ettability of the surface but also promoted the appressorial forma- 
tion to a certain extent both on the leaf surface and on glass slides, possibly due 
to th(^ contact/ stimulus brought about by the low^ering of surface anfl interfacial 
tensions by the surface active agent. It is known that additives like amino 
acids, jieptides and proteins sometimes improve detergency. Here then is a frag- 
ment of evidence that the physico-chemical phenomena playing at h^af surfaces 
might as well be influenced by such substaiu^es present in cuticular excretions. 
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Spore germination studies 

The m vitro studios on geriuiiiation wt‘rc conducted on microscope slides in 
Petri dishes providing optinunn humidity, fn the m vivo studies, however (ger- 
mination of spores on the leaf surface), the usual method of clearing the leaf with 
pyridine and staining witli lactophonol-cotton blue v as found to be not satisfactory 
for paddy leaves. Apai t from the poor clarity of the ])reparations the ungerminated 
spores were lost during the process of clearing. To obviate this difficulty a other 
technique was evolve^d. A piece of cellulose adhesive tape was pressed over the 
leaf and peeled off. The adhesive ta])e removed both the germinated and ujigermi- 
natefl s})oi*es with an impression of the e})idermal layei; facilitating a tjiiie.k and 
direct examination of a large number of preparations under the microscope. 

Detached leaf cultures 

Since infection fnujuently failed to establish itself on leaves attached to the 
plant and as the physiological age of the individual leaves varied with tluhr ridative 
positions on the plant, a n^course was taken to detacluMl leaves on account of the 
(iasc with which they (umld be manipulated under juore controlled condif-ions. 
Detached leaves when us(mI were either stood on water or apj)ropriate nutrient 
solutions or floated in Petri dishes containing the respective solutions. 

Strains of paddy used 

Strains of paddy (nolved by the Madras Static Depai’tnumi of Agri(ndtiii’(‘, 
viz., CO4, '/br)22 (Resistant) and ADT 10 and (-0 K 5 (Susceptible) to Piricularia 
were used of which 00 4 and ADT 10 are long duration types and v 0522 and 
00 01 arc short duration ty])es. 


ExPEHlMENTAn 

1 . Determining the age of susceptibility 

Repeated inoculation on both resistant and susceptibli* types at different 
stagers of growth. \ iz., from seedling to llowcM'ing generally failed to establish info(s 
tion though during December feAv spots dcvelopecl on one month old (K) 12 seed- 
lings. rnfeedion howc'ver hiiled to establish at the sanu^ age level wlicn the 
experiment was rej)eate<l in F(d)ruary. It must be stated here that these plants 
were grown iindcM’ ordinary green house (;onditions Imt the plants were always 
incubated at 24 to with lOd ])er cent humidity after inoculation. 

The failure of the fungus to infect even susceptible tyj)es was naturally sought 
in the ability of the spores to germinate under these conditions. No conclusive 
evidence could be obtained since spores sometimes germinated equally w^ell on 
either the susceptible or resistant typos and at other times they did not germinates 
on both of them. Exudates collected from the resistant and susceptible leaf sur- 
faces showed no significant difference either in the percentage gerjuination or 
germ tube length. 

2. SMies on detached leaves 

As considerable variation ocjciirred oji leaves attached to the plant, furthej* 
experiments were carried out on detached leaves. ('Jomparable leaves of resistant 
and susceptible types from different positions of the plant fioated/stood on water, 
different sugar solutions, nitrogen sources, organic; acids, ammonium salts of 
organic acids, amino acids, trace (dement solutions, \ itamin solutions, //-indolyl 
acetic; acid and /?-indoly] butyric a(;id were without effect on th(^ production of typi- 
cal lesions even though these; cultures were given the optinmm temperature (24 
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to 26®C and 100 pt^r ocut humidity. Neither light nor darkness had any effect 
under these conditions. It is again relevant to mention here that the samples ol* 
Jeavos were from plants grown under ordinary green liouse conditions. Nothing 
c5onclusive could be gained by spore germination studies with theses treatments. 
Nevertheless, it is of interest to mention here that on detachefl leaves kept on 
10 per cent sucrose solutions and 0.1 M ammonium acetate a number of other fungi 
belonging to the genera, Pumrium, Nigrospora, (^Rrvnlaria, Helnmithofiporitnn . 
Miicor and other unidentified fungi doveloptnl. This phenomenon, how(jver, did 
Jiot occur on water controls or on leaves stood in solutions of othei* organic 
ammonium salts. 

N'itrogeM nutrition of the host and disease incld,encAi 

Even though increased application of nitrogen has been reported U) augnuml. 
the susceptibility of the host, such a treatment in the present study did not result 
in rendering the CO 13 plants susceptible to the diseases. 

Pffect of photoperiods 

Subjetding the susceptible ])lants to different photopc'riods in a chamber s])e- 
cially constructed in this lalioratory, under varied jnitrient (conditions did not 
affect disease ])roneness of the host to any extent. At one time, when infeet(‘d 
j>lants were however exposed to a greater light intensity the lesions enlarged moic' 
rapidly than under the normal diffuse light of the green house'. Ihidc'r th(^sc con- 
ditions, whmi ammonium sulphate' was also added to the soil, so much glutamine 
(identified chromatogra})hically) was synthesi/ed that they crystal U/ am 1 at the leal 
t ips, [n i‘('sistant varieties, howc'ver, tliis sythesis of glutamine' apjx'ared to be less 
marked, 

o. Effect of foliar sprays 07i infection 

With a view to find out if nutrient s))rays of nitrogenous salts would be more 
cffi(!iejit in rendering the 13 plants susc^eptible to the disease' than the ap])!!- 
catioii of nitrogen to the soil, urea and ammonium nitrate w('re sprayed on leave's 
for a week at O.l M concentrfition. In addition, the ])laiits wt'ie also subjected to 
different ])hotoperiods. But tlu'se treatincnts did not facilitati' infection. Simi- 
larly, adimine sprays under the saim* conditions pro\(‘d not useful in promoting 
infection. Lt'a\(‘s (h'taclu'd from sue!) sprayi'd plants and plaef^l in sugar or 
organic acid solutions uiuh'r light to faiulitate tiu' syntiu'sis of ainich's did not 
favour infection. 

t). Effect of fiber mo periods 

'The importaiuie of growing plants under c<»ntroll('d en\ ii*onm(uital (Muiditions 
for ])recise experimentation has Ixh'ii increasingly stressc'd (Went, l9o7). Bc'causc. of 
the influence of nyedotemperatures on the general physiology of tlu' plant, ('sjk'- 
cially in the transhxuition of sugar and consequently on the nitrogi'ii metabolism, 
it was thought worthwhile to subject the sus(teptible tX) 13 })lants to lower night 
temperatures (2<)'C') than that obtained in the green house. This experiment 
was performed in the month of February on one month old (X) 13 padd,v six'dlings 
and when the an* temperature touched a maximum ol'2S ami a minimum of 
in the green house. The thermoperiodic timtment was contimuHl Ibr a we('k after 
which they were inoculated with P. oryzae. Plants of the sanu^ ag(^ growing under 
the normal day-night temperatures were also inoculated simultaneously. TIkj 
j'esults indicated that while the plants subjected to the thermoperiodic treatment 
took infection on the still developing younger loaves, no infection ofumrred on any 
leaves on the plants that were loft over in the gri'cn house during nights. 


3 
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Discussion 

Even tliougli no clear cut evidences arc forthcoiniiig iroai the foregoing ex- 
])erimonts it stands out to reason that the failure of infection on susceptible typos 
groan undei* ordinary greoji house conditions and in leaves detached from sucli 
])lants and floating in organic and inorganic sidutions (iven at the optimum tempera- 
ture and humidity is mainly reflected in the altered host juetabolism. Of consi- 
derable interest is the observation that in one month old (D L'i ])lants, given a low 
nyctotompcratur(‘ (lifl'X'’), the young and still develo])ing leaves took up infection 
while com[)a.ra])le plants with higher night U'mperatures were not affected. It 
is p(u‘ha})s jiertiiuuit at this ])oint to encpiire how' the nycto temperature has 
altered tlu* host metabolism. It has l)een observed that at high nyctotempera- 
tuj'es the nitrate content of tomato loaves is very high owing to the low^ nitrate 
reduction and that the jflants become obviously Tutrogen deticient (Went, 1957). 
Van Gundy and Walker (IDo?) correlated the amino-nitrogen content with the sus- 
ceptibility of cucumber leav es to angular leaf spot disease caused by Pmidomonas 
lachrywans and concluded that the accmnulation of amino nitrogen was mainly 
related to the day-nighi. temperatures, with the highest concentration occurring 
at J() to 28“C (day-night) temjierafures. It is tluM'cforc conceivable that in the 
case of the ])last disease of paddy also th(‘ disease j)roneju‘ss of tlu' host is jiiainly 
de])endent on its nitrogen imdabolism and indml it must l)(‘ re(^alle(l h(‘i'(‘ that Hashi- 
oka (194IU>, Ifl-I-Iu, />) consi(h‘r(*d t(‘m])erature as tlu‘ most imj)ortant factor in 
lh(' incid(uice of the blast dis<‘ase b(‘causc of its dire(‘t inlluemr on tlie nitroge]i meta- 
bolism of the host. 

The more rapid enlargenu'nt of lesions under greatcT light intensities lends 
further su])port to the importance of the nitrogen metabolisni of the host in the 
biologies of parasitism . Here again the situation has to be larg(‘]y considered from 
other works. Greenhill and Ohibnall (diibnall, 1929) found tliat under well illu- 
minat(*d natural conditions so much glutamine was produced by perennial rye grass, 
Lolitun )irrenv{\ heavily manured with ammonium sulphate that this amide actually 
exuded from and crystallized on the surface of the shoots. Yemm (L949) observed 
that much glutamine and very little asparagine accumulated in illuminated detached 
iKirley Jeaves and he regarded this as fmilu'r e\ idenc(‘ that increased sugar con- 
eeniration brought about by inei(;ased photosynthesis favoured glutamine synthesis, 
iiu* bioche.mieal mechanism at work here is believetl to he the formation of a-keto- 
glutaiic acid froui sugar in the leaves via the* Kreb's T(b\ c.yele, which combines 
with ammonia to giv(^ glutamine under the agemw of glutaminase. Erom the above 
considerations it now' a])])ears reasonably certain that the rapid enlargement of blast 
lesions under greater light intensities is evidently due to the formation of glutamine 
under tliese conditions. I t is further amp litied by the fact that the CO 12 paddy 
plants heavily jnanurc'd with ammonium sulphate and ke])t in high light intensities 
did indeed present an aiialogous picture like Loliim prrenne in that glutamine was 
exuded and crystallized at the tips of the leaves. Moreover the low aspartic acid 
content observed by Tanaka and Katsuki (1952) at the season of maximum 
susceptibility of rice .seedlings to Piricuhiria is an additional case in point. 

That infection failed to take place even in susceptible (JO 12 plants grown under 
ordinary green house conditions even with high doses of ammonium sulphate and 
the faihire of lesions to doveloj) on leaves detaclied from such plants and floated 
under light- on various sugar solutions, organic acids, nitrogenous salts and ammonium 
salts of organic acids (conditoiis that favour glutamine syjithesis) can bo explain- 
able only on th(‘ bfisis of cell wall nvsistance under these circumstances. On the 
basis of such aii interj)retation of factors wliich function in the disease proneuoss 
of the host , we might expect that with low nyctotemperatures the products of photo- 
synthesis largely accumulate in the leaf itself without any appreciable translocation 
facilitating the formation of the key amide, glutamine. On the contrary, with liigh 
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night tompcratiircR the prodiKtis of photosynthosis aro larg(‘l y iitili/(‘(l in tho fonnaiion 
of more complex polyHaecliaritles of the cell wall lik(' lignin and entin wliioh ]nak(‘ 
the leaf resistant to mechanhial ])nii<dnr(^ by the germ tulu*. The inhibitory effect 
of eutieular excretions on spore germination find the probable mi(M o])ial antagonism 
at' the leaf surface under these conditions cannot also be ruled out entirely. Under 
(conditions of susceptibility the stimulatory effect of eutieular excretions on spore 
germination or in so modifying the physico-ohemiccal nature of the leaf surface as 
to favour ap})ress()rial fi^rmation arc also points to be recognized in evaluating 
resistance and susceptibility to this disease. 
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STUDIES ON TRANSPLANTATIONS OF ADULT MOUSE lAVEli AND 
KIDNEY INTO CHICK EMBRYOS 


hy IjKKim Mttlhkrkar, University of Pootiu, Pimtw 7 
((/Oinmunicatcd l)y 'T. S. Mahal)ale, E.N.I.) 
(Keceived July 17 ; read October 17, lUoH) 
Abstract 


(irafts of frewli adult iiiouso liver and kidney were made into i^hick emliryos at tli(‘ 
I »riini live streak stage in the manner described by Waddington (19112). 

The grafted embryos were cultured in vitro by the technique (lescribed by NTow (1955). 
The results of the experiments seem to show that fresh adult mous(‘ liver and kidney ilo not. 
produce inductions into the reacting chick ectoderm. 

The influence of kidney grafts on the host tissue has been dosciibed Ihoy*. It. a])pears 
t hat the kidney graft upsets t he formation of somites in the host. 


Introdtiction 

Induction hy grafts of Triton liver, adult mouse kidney and guinea pig kidney 
in Amphibia has been reported by Chuang (1938) and Toivonen (1910) rospeidively 
in oonno(*,tioii with regional differentiation of the organiser shown liy Speinann 
(1931). Although much experimental work on chick embryo has been done both 
in Europe and in America, the progress of Avdan Epigenetics has been impeded by 
teohnical difficulties. Very recently New(1955) has introduced a simple technique 
for in vitro culture, whieli has facilitated the study of a variety of grafts on the 
reaiiting chick ectoderm. 

fn the present pai)er grafts of fresh adult mouse liver and kidney were made into 
i^liii^k embryos. 


Materials atsd Methods 

Fertilized fresh hen's eggs obtained from the Government Foultiy Farm, roona, 
\\<‘re incubated in an electrically regulated incubator at 37T to get the primitive^ 
strijak stage. Necessary precautions were observed by sterilising the glass-ware, 
insti’uinents etc,, and by autoclaving the solutions to avoid contaminatio]!. 

Fr(\sh liver and kidney of an adult mouse were taken out and washed se})ai*atel>' 
s(‘veial times in Compton solution to remove blood. A small pitna' of about 1).3 mm. 
(‘a(t]), both of liver and kidney, was grafted separately into a chick (*mbryo at tiu' 
primitive streak stage, in the manner described by Waddington (1932), The embiyos 
\v(Me then cultured in vitro by the technique described by New (1955). After about 
20 hours of culturing, the embryos were fixed in acetic alcohol and serially sectioned 
at H»//. The sections were stained in Belafield’s haeinatoxylin and diffi‘rentiatcd 
in a(;id-aloohol. 

Fn all, 20 grafts each of liver and kidney were made andhistoloi^ically examined. 

Drsortpttox of Experiments 

(hvfl^ of Mome Liver 

111 the section shown in Plate XXVII, Fig, 1, the graft (6L) is seen to consist 
of a mass of hepatic cells. Although the graft is in contact with the host ectoderm, 
no induction seems to have been caused, 
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The ^raft in l^laie XXVTF,, Fi^. 2, seems to lie between the eruloderm and 
mesod(Tm of t he host, d^'he ^raft appears to eonsist of h(^patie ei'lls arran^^ed round 
the eapillaries. As the ^raft lies between the endoderm and »)iesoderm, th(‘ eontae^t 
between it and the reacting liost ectoderm is ]M('\'(‘nt(‘d and tluMofore proba])ly no 
induction i.s produced. 

0 raffs of Kidnpy 

The graft in Plate XXVTl, Fig. th is situated between the ((‘toderm and 
nicsoderm of the host. Tlie urinary tubules seem to havti cut across at several 
places and ai-e lined by small cubical cells surrounding a small cavity. No 
induction is caused, although th(» graft is in contact with th(^ reacding ectoderm of 
the host. The graft in Plate XXVTT, Fig. 4, lies in the coelomic ( avity thus 
])reventing the contact between it and the reacting host ('ctoderni. 

In the section shown in Plate XX\Tr, Fig. 5, the graft lies in between the two 
mesodermal layers of the host. No induction is profluced but the graft seems to 
have upset the formation of somites. The doubling of somite (K1.S2) is clearly seen 
on the side occupied by the graft. These somites apj)ear to be bigger than the 
normal somite seen on the other side. Similar upsetting in the size of the somite^ 
was also seen in tlui sections of some other specimens not shown here. This 
naturally raises the (juestion as to what is the infhumce of graft on liost tissues 
which may now beconsidered. 


T)TsrussioN 

Working with fresh Triton liver and mouse kidney in Am])hibia, C^huang (lO^kS) 
found that the Triton liver induced trunk structures while the mouse kidney induced 
(‘(*|)halic structures. On the contrary. Toivonen (194b) using alcohol treated kidney of 
the adult guinea-pig, obtained mesodermal inductions. Both beli(‘V(‘d tJiat different 
organs are induced by qualitatively different substances. The results of the })resent 
work make it probable that the adult fresh mouse liver and kidney do not produce 
inductions into the reacting chick ectoderm. In several cases (Plate XXVIT, 
Fig. 4) the graft entered the coelomic cavity of the host thus preventing (5ontact 
between the ectoderjn and the graft ; but in some other cases (Plate XXVTT, 
Figs, 1. II), although the graft was in contact with the host e(itoderm, induction was 
not produced. {Similarly, in experiments where embryonic. Calotvs liver and kidmy 
were grafted into the cdiick (;mi)ryo instead of adult mouse liver and kidney, no 
induction w^as caused. Tt thus appears that the chick ectoderm doc's not easily rea(4 
1o the evocatory stinuilus as does that of Amphibia. 

The mutual influence of graft and host on each other is noticeable in Plate 
XXVIT, Fig. 5, where the presence of kidney graft has upset the formation of 
somites. The doubling of the somite (Sl,S2), on the side of which the graft is 
situated, is clearly seen in PI. XXVIl, Fig. 5. Whether this doubling is due to any 
specific effect of the graft on the tissues of the host or whether it is nuToly due to 
mechanical effect is difficult to state with certainty. However, it may be stfited 
here that such mutual influence of host and graft has been studied in detail by 
Abercrombie and Waddington (1937), who found a considerable tendency on tlu^ 
part of the graft to become harmoniously incorporated into the host. Waddington 
(1952) has also recently suggested the possibility of complete incorporation of graft 
tissue into host^s body, causing increase in the size of certain organs. 
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Abstract 

'rriiodothyroiliuc (3 uud 12 /^g. dtiiiy/18 days) tended to regress tlie weiglit of the uecessory 
genital organs in adult male rats without causing any evident alterations in testicular activity. 
Gomparalde changes wore evoked in the same organs by thyroxine (3 and 12 A’g. daily/ 18 days) 
though in a less oonspicuous manner. The nature of action of tlie two honn()m\s in tliis j*es])('ei 
was similar and the difference between them was only a matter of degree. 

Triiodotliyronine (12 gg. daily/18 days) lowered the weight of the accessory sexual organ 
of castrated rats and tended to antagonize the typical stimulatory action of testosteionc jiio- 
pionato ( 120 /^g. daily; 12 ilays; on these orgains. The prostatic acid ])hosj)hatase activity ni 
the castrat('d rats was inhibited oven further by triiodothyronine. Similarly, the restoration 
of enzyme activity in the castrates by testosterone t>ropionate was hindered to considerable 
extent by triiodothyronine. 

'rriiodothyronine ( 12 /tg. daily; 18 days) had no efl*e<d on fertility in adult male rats. 

Jt was suggi'sted that triiodothyronine (and thyroxine) exerted their effects on accessory 
male genital organs through an alteration of normal metabolic pattein ol androgen. The 
possibility of a decrease in sensitivity of those, organs to amlrogen under the influence of the 
thyroid borrnonos Avas also considered. 


Il^’lIiODtJOTION 

It has been denionstrated that mild hy])erthyroidism induced by optimal 
])hysiol()gic doses of thyroxine (T) results in precocity of the sexual organs in 
young male rabbits (Maqsood, 1952). Large doses, on tlu^ other hand, impede 
tlu*- devt'lopmeut of the gonads and accessory sex organs in growing mah? rabbits 
and rats (Maqsood, 1952 ; 8. N. Koy ci al„ 1955). Administration of 1' to mature 
male rabbits maintained at continuous high temperature proves detrimental to 
th(.‘ functionijig of the sexual organs (Oloufa cl aL, 1949). Earlier studies rej)ort 
untoward poiuleral changes in tlie sexual organs of adult male rats after treatnuuit 
with thyroidal material (Cohen, 1935 ; Smelser, 1939). 

It will be evident from the al)ove that while sonu^ information is available on 
tlu^ influence of T on the physiology of the male sexual organs, similar knowledges 
regarding triiodothyronine (TIT) is almost non-existent. This hiatus should be 
fllled in order to gain more insight of the part played by the thyroid in mammalian 
reproduction. Accordingly, the primary aim of this paper has been to record 
data on the elfeet of TIT on the genital organs and fertility in adult male rats. 
The first part is, however, devoknl to a eom})a»rative study of the nature of changes 
elicited in the genital organs by TIT and T. This is followed by an attempt to 
ascertain whether TIT can exert any influenee on the accessory genital organs 
in the absence of the testes. 


Roa.il before tbc Scr‘.tion of Physiology, 4riili Indian Soioiicc Coiigross, Madras. An abstract 
of tills ]>apor ban )»ocn publislKul in llu^ iVor. Svi. (^ontjr. Ibirt 3, pp. 5()4*50r>, 19f58. 
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A. Effect of TIT on the Genital Organs 
Experimental Proceihirv. 

Animal>i. AcUilt male albino rats of the Institute Colony were used in the 
experinients re])orted under this ])cad. Hie details of grouping of the animals 
and their body weiglits are indicated in Tables 1 and 2. The animals were 
maintained under uniform laboratory conditions throughout the period ot* 
investigation. 

TIT and T. For ass(‘ssment of their com])arative effects, TIT and T Avere 
administered in two doses (IJ and 12 //g. daily/rat) but th(‘ duration of treatment 
was kej)t constant for 18 days. However, in the experiment on the possible direct 
a(;tiojj of TIT on th<‘ ac.cessory genital organs only the high dose (12 /^g.) was used. 
Tlie hormones w^(^it‘ dissolvecl in sterile distilled water and Avere injected by the 
intramuscular route. The control animals re(jeived the solvent alone in a similar 
manner. 

Eartly and Lebloiul (1954 ) estimated that the physiological dose of T in ad nit 
rats weighing about 150 gm. was between 3 to 6 //g. daily. Tliis finding served 
as the basis for selection of dosage of T so that the small dose (5 //g.) approximatt'd 
a physiologic dose. As the initial body weight of the animals Avas somewhat low 
('liable 1), the lowest limit of the range provided by these authors (II pg.) Avas chosen. 
Tin? high dose (12 /'g.), on the other hand, aa^us meant to a be non-physiolngic one 
and as such it Avas kejit as large as twice the upper limit of the range given by 
Fartl}^ and Leblond. TIT AAas administered in identical doses (2 and 12 //g.) 
m(‘r(4y for the sak(' of comparison, but otherAvise the choice of this [larticmlar 
dosage was purely arbitrary. 

TcModeronv propionate (TP). In order to determine Avlmther tluue Avas an\ 
dir(‘ct inlluence of TIT on the accessory genital organs, the rats Avere castrated 
and U‘ft Avitliout any tre^atment for IG days. To ensure siifiici('nt regression after 
tlie operation these organs v/erc examined by laparotomy before the commencc- 
meiit of treatments. TIT Avas injected to 2 groups of castrat(‘s lor 18 days : om' 
<*f these recjeiA'ed in addition TP (125 pg. daily/rat in 0.2 e.e. of sterile olive oil) 
by the intramuscular route for a jieriod of 12 days beginning from th(' 7th ilay 
of TIT administration (Table 2). A third grou]) of (‘astrates was given TP alom* 
at the same dose and ]>y the same route for 12 days. The (‘ontrol animals (normal 
ami castrated) receive<l the solvents alone in a similar manner. 

Biochetniral and histological studies. All the experimei\tal animals wer(‘ killed 
24 hours after the final treatments. The testes, seminal \‘(‘si(*les (S^’) and tlu' 
ventral ])rostates (VP) Avere carefully dissected out. weighed to the m'arest mg. 
and finally ])rocessed for biochemical and histological studies. 

Total cholesterol (content of the tt'stis was estimated colorimetriirally by a 
modification (A. (J. Roy ct ah, 1955) of a method by Zlatkis et al. (1952). P'or 
determination of acid ]>hosphata.se aidiv ity the VP was homogeniziMl w ith water 
(100 ml/gm. fresh tissue), centrifuged for 5 minutes at 2000 r.p.m., and tlu' clear 
supernatant AAas finally processed for estimation of enzyme activity by lh(‘ 
])ro(^edure laid down by HaAvk et ah (1947). 

For histological studies the tissues Avere fixed in alcoholics liouin’s lluid and 
serial paraffin sections (i micra thick, were stained with Ehrlich's hematoxylin 
followed by eosin. 


Results 

(Comparative effects of TIT and T on the genital organs 

Testis, It will be evident from Table 1 that both the low and high doses of 
TJT cauvsed significmit reduction in absolute weight of the testis (P<0.05 and 
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<9.01 respcujtively for and 12 /ig. doses). This was, however, not ilie case with 
the relative testis weight. Thus the low dose failed to evoke any significant change, 
whereas tlie high dose caused an apparent iiujrease in weight of the organ (P<i).0()J ). 
Ol)\iously, the latter was related to a sizeable loss in body weight (29. o gni.) during 
llie experimental ptTiorl (Ta}>]e I) rather than to an actual increase in weiglit of 
th(' organ. 

With minor difference in details tin’ patient of influence of T on testis weight 
was similar to that of TIT. 1'hus l)oth tlie doses tended tc) cause a fall in absolute 
weight of th(‘ organ albeit r.ot in a statistical manner. Similarly, tlu‘. relative, 
weight registered a. significant increase (P<0.001) with the 12 //g. dose but th(‘ 
low (los(^ was ineffective in this respect. It was to be noted that the Iiigh dose 
(rinsed a. loss of body weiglit (7.7 gm.) tbongh conif)ared to tlie eonvsponding 
dos(‘ of TJT it svas negligible (Table 1). 

Both TIT and T Jiad no significant eff(‘et on total clioli‘sterol eonceiif ration 
of the testis (Table I). 

Histologically, tlu' t(‘stis of ITT tn^ated lats was in no way dilfcriMit from 
tJiat of till' controls. The spermatogenesis c,ontimi(‘d \ igoroiisly as in tin* controls 
and the Leydig cells did not show any change even after treatnumt with tlie 12 //g. 
dose (PI. XXVIir, Figs. 1 and 2). Similarly, no histological change could b(‘ 
detected in tlie testis of T treated rats. 

terminal mv/c/cs*. Tl'T trvatmeut was acconifianied by a significant nvluction 
in a])Soliit(‘ and relative uTights of the SV (P<9.()0I ). The extent of sucdi redind/ion 
was, however, proportional to the dcjsagc^ : the high dose caused significantly grcriter 
loss in wcdglit than the low dejse (P<d.901). Similarly, T administration (woked 
a significiant decrease in absolute weight of the organ (P<9.0(d) and this was 
de])(Mident on the dosage . the high dose caused significaintly greater weight dejircssion 
tJuin tlu^ low (lose (P<9.02). However, the relative weight did not follow’ cpiite 
lli(‘ same fiafttnn as the low^ dosc^ of T significjantly redinaMl tlie SV weight (P 'rO.Oo) 
bul tiic high (lose* though tenderl to do the same, yet the difference IVom the (*ontrols 
in this respecT was statistically insignificant. Further, tli(‘ low dose causirl an 
apjiarently greatta* decrease' in relative weight of the organ but again, the diffen'nee 
was not statisti(;ally significant (Table'. I), ft was interesting that 'ITT and T did 
not differ significantly in their capacity to depress tiu' S\' weight (absolute and 
relative) wdien injected at ‘1 //g. dose; but the high dose ( 12 //g.) of TIT causeal 
signifietantly greater rvduction in weight of the organ (absolute jmuI relative') than 
an eepiiv alent dose of T (P<:().091). On percentage basis too, l2//g. dose of TTJ’ 
causc'd as muesli as 89.7 [K'I* e^eiit reduction in absolute S\" weight in eontra-st to 
a. mere' 1)9.7 per (a*nt defuession after administration of tlie same dose of T. 'J'he* 
eorrj'sponding figures for changers in relativr^ weight of the organ were 99. o and 
29,1 ])ei eent reduedions after treatnu'iit with TJT and T (12 //g.) respectively. 
Simiiai figures for the low dose (2 //g.) were ineonsjiicuoiis and did not re've'al inueh 
difference' bc'tvvec'n the* two hormones with resjiecT to their euxjiaehty^ to influence 
relative SV weight. 

Histologi(*ally, the* SV of rats injected witli ;) //g. dose of TIT were similar to 
ihoH* of tlie controls. In animals treated with the high dose, liowx'ver, the villi-like 
folds <.)f this organ apjieare'd soniewliat stunted and the glandular epithelium showed 
signs of atrophy^ at e;ertaiu places lesembling that of the castrates (PI. XXVIIl, 
Figs. I) and 4). Nevertheless, such atrophy of the epithelium was focal and not 
generalized as in the etastrates (PI. XXVIIl, Fig. 5). In general, the organ ajipeared 
normal and active ; the seeretiem granules were abundant in the epithelium and 
the lumen was gorged with copious amounts of secretions as in tlie controls. The 
SV of T tre'ated rats were indistinguishable from those of the controls. 

Ventral proniate, TI1'’ administration at the two doses caused a signilicant 
depression of VP weight, both absolute and relative (P<9.991). As with the 
SV weight, the extent of this depression was dependent on the dosage ; the high 
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f]()so (‘voki'd a- sij^nific^aidly .t^n^aior rrduciion Mia-ii tli(» low dosc' (P< ().(K)1). T 
also inhibited VP w<‘ight, both absolide and relatisc (P*: P.OOl ) : anrl thfMl(\i;re(‘ 
of rodnction in absolute weight at least, t(‘nded to lx* jn'oportional to the dosa^a^ 
(Table 1). The hi^^h dose a])[)are!itly caused gT(‘ater rc'duetion tinin the low dose 
tliou^h the difTereix^e was not statistically signilicaiit (Table 1). The extend of 
loss of relative weight of the organ under the influence of T (l> and 12 //g. doses) 
was, however, of the same order. A dose for dose comparison of TIT and T 
revealed that they did not difleu* in their ability to inhibit VP weight when administ- 
ered at o //g. dose. The high dose of ITT, on the otlier hand, evoked signiticanily 
great(M’ loss in absolute weight than the corresponding high dose of T. The 
relati\ e weight of thi' organ responded mon^ or hsss similarly to the high dose i>f 
th(' t wo hormon(‘s and the difference in weight was statistically ifisignilicant (Table I ), 
Ffere was therefore a little (|uantitative (h'viation from the patterii of {)ondera.l 
changf\s (‘lieited in th(‘ by th(‘ two thryoid hormones. On ])ercent.age basis, 
12 //g. TIT (*aused tit) per cent reduction in absolute weight of thf‘ VP in contrast 
to ])er (‘(mt decrease after treatment with an efjuivahmt dose of T. Similar 

figures for the relative vveught of the organ Avere 47. S and 114. fl ])er (‘ent depressions 
after mbiiinistration of TIT and T respectively. 

Pr<^stati(^ acid phosphatase activity did not show any signiflcfaiit change after 
injectio!) of the low dose of TTT (Table 1) ; the high dose, on tin' other hand, caused 
a significant rise in enzyme activity (P<0.02). Tn contrast. T had virtually no 
influema* on a(‘id phosjfliatase activity in the ^'P. 

Th(‘ low dose of ITT did not evoke any histological change in the \Tk The 
high dose, luwever, (aiused atrophy of the glaiulular (‘pithelinm in som<‘ aeni 
(PI. XXVTTT, Figs, fl and 8) ; in others the epithelium was normal as in the controls. 
There wrs no generalizcMl shrinkage of the aeni and regression of the glandular 
epithelium, so commouly encountered in the VP of castrated rats (PI. XXVIII, 
Fig. 7). No histologic change eoidd be detected in tlu' VP of rats treated with 

Eff(’rt of TIT on ihf seminal resides and Ihe renfral prostate of castrated rats 

Seminal resides. It will be evident from Table 2 that castration (caused the 
expected regression in SV weiglit, both absolute ami relative (P< 0.001). TP 
therapy to castrates iiUTeased the weight of the organ even beyond the nonmd 
range so that the differenee from the controls was statistically significat\l (P< O.OOl). 
TTT administration to castrated rats caused even further (ha-rease in absolute 
SV weight and in this respect the differenee from the castrates was statistic^ally 
significant (P<0.00J). However, the relative weight of the organ in the castrates 
though tendcxl to fall even further after TIT tr(‘.atment. yet was not low’ enough 
to b(‘ significantly diffenmt from tlio untreated castrates. It was worth noting 
that there was a marked loss of body w’eight (21.7 gni.) in these animals (Table 2). 
When 4'P was administered to castrated rats in addition to 4TT, tlu' ehara(*t(Tistic 
increase in absolute SV weight was considerably inhibited. So much so, that 
the grou]) treated with TIT and TP conjointly had a significantly lower S\" weight 
(absolute) than that of the animals injected TP alone (P<'0.(H)lk This Avas not 
th(^ case witi) the relative Aveight of the organ Avhieh though tended to be lower 
in the conjoint group, yet was not significantly different from the animals Avhicli 
received TP alone (Table 2). It was of interest that the body Aveight of the animals 
injected with the two Imrmones simultaneously sho\\’ed a loss during the treatment 
period (28.4 gm.). 

(Castration claused the expected n^gression of histological structun* of the 
seminal vesicles (PI. XXVTTT, Figs. 3 ancl 5) but TP therapy Avas accompanied by a 
return of the organ to normalcy. The histologic picture of the castrates treated 
with TTT ’w^as similar to that of the untreated castrates. Likewise, no difference 
in the histologic structure of the seminal A-esieles (Huild be detected in th(' group 
given TP alone or TP in conjunction Avith TIT, 
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Ventral prostate, (Jastration caused the characteristic depression of VP weight, 
both absolute and relative (P<().001). therapy stimulated the organ consider- 
ably so that its weight (absolute and relative) exceeded that of the controls 
(P<.0.001). Unlike the seminal vesicles, the administration of TIT to castrated 
rats had no effect on the absolute weight of the VP (Table 2). When, however, 
TP was added to TIT the absolute prostatic weight was stijinilated to a significantly 
lesser degree than wlien TP Avas given alone (P<0.0I)1). The relative Aveight of 
the organ responded somewhat differently to TIT treatment. Thus the injection 
of TIT alone to (^astrattis apparently elevated the weight of the organ and th(‘ 
difference from th(‘ untreated castrates Avas statistically significant (P<0.00l). 
But in the group AAbicb received TIT and TP conjointly, the stimulation of relative 
VP weight tended to be less than in the group treated with TP alone, though the 
difference was not statisti(;ally significant (Table 2). It should, liowTver, be 
recalled that TO^ caused a loss of body weight whether given alone or in (combi- 
nation with TP. 

Acid phosphatase activity in the V^P declined significantly after castration 
(P<0.001) but TP therajiy restored the enzyme activity to normal level. Adminis- 
tration of TfT to castrates (caused a further fall in phosphatase activity so that 
the difference froni the untreated (Castrate was statistically significant (P<().()2). 
When TP was giA^en along with TIT the elevation of enzyme ac^tivity w\as soniewliat 
less tliaii in the castrates treated Avitli TP alone ; but the difference was not statis- 
tically significant. On percentage basis, castration caused 41.8 per cent inhibition 
of phosphatase activity from the controls ; whereas TIT therapy to castrates 
evoked as much as 72.1 per cent reduction. The enzyme activity in the castrates 
treated with TIT Avas 52 per cent less than in the untreated castrates. It Avas of 
added interest that phosphatase activity in the VP of castrates injected Avith TP 
was ()7.7 per cent higher than in the untreated castrates wliereas, in the grouj) 
treated with TIT along with TP the enzyme activity was only 21 .7 per cent 
higher. 

Histologically, castration caused the characteristic; regressive changes in the 
VP (PI. XXVIII, Figs. 6 and 7) but TP therapy restored the liistological pi(;tuT‘o 
of the organ to normalcy. The histologi(;al structure of the VP of animals injec^ted 
\\'ith TIT Avas similar to that of the untreated (;astrates. lakewiso, tlie. liistological 
ap])eai‘ance of the organ in the group treated wdtli TfT and TP conjointly was 
imlistinguishable from that of the animals injinded with TP alon(‘. 

B. Effect of TIT on Feutiuty 
E xpermental Proced u re 

AniimiJs. Adult male and female albino rats of the Institute Colony were 
used in this study (Table 3). The animals were of proved fertility. They Avere 
maintained under uniform laboratory conditions throughout the experimental 
period. 

TIT. The hormone was injected (to male rats) })y the intramuscular route 
in a dosage of 12 /ig. daily per rat (in sterile distilled w^ater) for 18 days. Out (rf 
this total period of treatment, the first 10 daily injections were given before irniinq 
and the remaining 8 during the stage when the animals were actually caged witli 
the females. The control males and the females received the solvent alone in a 
similar manner. 

Examination of vaginal smears. Before the animals were jiut to mating the 
vaginal smears of all the females were examined daily for 3 complete estrus in 
order to ensure its cyclic recurrence. A female showing any irregularity of the 
cycle was discarded. The average length of the estrus cycle was 4.7 days. The 
subsequent daily examination of vaginal smears started from the very first day of 
cohabitation and continued till pregnancy was detected, 
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Matimj. For mating, 2 femalos w(to caged with a inal(‘ acu^ording th(‘ 
method of Ka? (1957). The day on which a vaginal smear contained spermatozoa, 
was considered as the day of mating. About 13 to KJ days after cohalntation and 
every 2 to 3 days thereafter, the females were palpated and weighed for detection 
of pregnancy. No limited mating test period was employed. 

Exam'mafloii of fspermatozoa and histological studies. The males w(‘re cag(Ml 
with the females for 8 days, that is, for tlie latter part foi* the hormone treatmeni 
period. They were removed on the 9th day (that is one day following the cessation 
of TIT injections) and killed by decapitation. The sj)erinatozoa of each control 
and treated males were collectecl from the middle segment of the vas deferens and 
were examined for motility and any gross abnormality. Hie testes. SV, and VP 
were dissected out, weighed to the nearest mg. and finally fixed for histological 
studies. Th(‘ pi‘ocednre employed for the latter was the same as before^ 

Results 

Table 3 shows that TIT treatment l\ad no etfect on fertility of male rats. All 
the treated males mated successfully and there was no delay in mating. The* 
latter was evidojit from tin', fact that those injected with ITT mated on an average 
of 3.0 days from cohabitation but the (jorresponding figure for the (H)ntrols was 
virtually the same (3.3 days). The number of young born to two groups of females 
was the same whether mated with the control or TIT treated males. 

The motility of the spermatozoa appeared normal in animals injected with 
TIT ; and although no quantitative estimation was made yet, it was possible to 
judge from gross microscopical examination that the number of abnormal sperms 
was equally low in the two groups. There was no preponderance of any particular 
type of abnormal sperms in the TIT treated animals. 

TIT administration caused a significant decrease only in the absolute weight- 
of the testis (P<0.t)5) but not in its relative weight. Histological ])ictuni of the 
testis was, however, normal. There was a los.s of l)ody weight (r)fi.3 gm.) in 1h(‘ 
horiiione treated animals (Table 3). 

SV weight (both absolute ami relative) I'cgistered a significant fall after TfT 
administration (P<0.001). On perctmtage basis, ITT injection caused 54 percent 
nMluction in absolute w(‘ight but the corresponding figure for the relative weight 
was 43.8 per cent. Histological changes similar to those reported previously 
(sec PI. XXVni, Fig. 4) were seen in the SV of TIT treated animals. 

The absolute and relative ventral prostate weight declined significantly 
after TIT injections (P<0.001). The extent of this reduction was 57.1 percent 
ibr the absolute weight and 48.4 per cent for the relative weight. The histological 
])icture of the VP of ITT treated animals was ('-omjiarabk' to that of the previous 
animals injected with the same horinon(\ 


Oisor.ssTON 

The data presented in this report indicated that TIT had no appreciable 
effects on the testis of adult male rats irrespective of the dosage in which it was 
administered. No histological (banges were seen in the gamctogeni(^ or endocrine 
])arts of the organ. Spermatogenesis continued vigorously as in the (jontrols and 
the interstitial elements did not show any abnormality. Whatever ponderal 
(‘hanges occurred in the testis could largely be ascribed to the influence to TIT 
on body weight rather than to a true effect on the organ itself. Added to those, 
the cholesterol (^oncentration of the testis remained unaltered after hormone* 
treatment which suggested that the endocrine status of the organ did not undergo 
any fundamental change. The recognized role of cholesterol in the biogenesis of 
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n-iidroiifcMis (Doilinaii a-iid SliipK'V- lOOF)) did tiol. s(»rin lo carry such a \ icw ])C\M>nd 
th(‘ i*('a,liu (>r I’a.cts. 

It was si^nifi('ant that 1’ cxcadod xirt iially siudlar offi'cls on I h<‘ test is whou 
ijijccO'd in identical doses. Untoward histological or metabolic ('har)urs iialicative 
o[ a de?-anited functional status of the orejan were absent. In this connection S.N. 
Roy r1 al. (1055) reported that 1' (I2.5 //^. daily) provoked testicular atropliy in 
early puberal rats. Obviously, the age factor was res]a>nsible for the difF(‘rent 
nature of rsponse of the testis to the same hormon(‘ (I2 //g. daily) obserxed in th(' 
present study. 

In contra.st to the testis, the accessory genital organs show(‘d some notcwvorthy 
changes after 313' treatment. 33iiis the weight of lh(' SV was reduccal drastically 
with lh(‘ ingh dos(‘ a-iul lo(*a.l atro})hi(* changes of the castrate^ tyjx' w(‘r(‘ en(;onnt(‘r(Ml 
eonsisUait ly in the glandular (‘pithelium. Nevertheless, such changes wen' not 
generalized as in the castrates and tlu^ net histologic picture w^as om* of an orgaii 
with uninterrupted secretory activity. Similar poncleral change's with focal regression 
of the aca'nar e*pithelinm w’(T(' set'll in the VP hut again, tlu^ ovt'raU secidory activity 
ap})eared to be normal. Further, acid phosphatase at'iivity in the gland did 
not show any significant change after administration of low* dost' of ITI' but 
curiously, the high dose caused a significant rise in enzyme activity, 33u‘ juostatic 
add ])hos[)hat-as(' was bthVved to bear a ])ostiti\e correlation with androgenicity 
(McCldlagh and Sdiafft'iiburg, 1054) and on this basis the actM'h'ral ion of ('u/ynu' 
activity after nT administration coiihl be regarded as an indication of (‘iduima'd 
androgen output by the testis. This was, however, unlikely as the XV wi'ight 
diminished rather than increase< I in response to hormone treatment. 33ds am^ 
malous rise in a(*id pliosjihatase activity was therefori' duc' to some unknown 
(*ause, 

A comparison of the above with the effects jirodiuT'd by 3' on acci'ssory 
genital organs led to interesting findings. Firstly, the absohih* HV weight also 
tended to decline, but uot to the same extent as in the TT3' treated animals. 31ie 
relative weight of the organ too showa'd some inhihition hut again, in a less 
prominent manner than after TIT administration. However, unlike tlu' latter 3' 
caused tio appredabh' liistologie change in the organ. Similarly, the \'P wdght 
diminislied after 3' injection and the difference w ith 313\ if any, was ordy a inatliT 
of degree. However, no histologic changes were' encountered in this organ nor 
did acid phosphatase activity undergo any aberrations. Nevi'rtlu'less, sudi 
comparative details brought into relief two moot points n'garding the nature nf 
action of these hormones on the genital organs. These were : (I) both the hormones 
evoked inhibitfiry changes in the weight of the accessories particularly at the high 
dose, without the mediation of the testis, and (2) such changes were unaccompanied 
by any commensurate lowering of the functional potentiality of these organs. 
The evidence bearing upon these x>oints will be considered in the RubHe(pient 
paragraphs. 

In the first place, it was noticed that TIT (at the high dose) tended to lower 
the SV weight of castrated rats ; the absolute weight registered a mark(‘d fall but 
the relative wxught show ed only a modicum of reduction. However, the liistologi- 
oal picture of the organ was indistinguishable from that of the untreated castrates 
and the body weight of the treated animals showed a loss during the experimental 
period. These facts suggested that the ponderal changes observed in the SV of 
castrated rats were due to a general catabolic effect of TIT on the body weight 
rather than to any direct influence on the organ per se. The lack of response of 
the absolute VP weight or an apparent increase in relative weight of this organ 
(in the castrates treated with TIT), tended to eliminate any possible direct 
inhibitory action of TIT. Similarity in histological picture of tlu^ VP in the 
(^astrates either untreated or injected with TIT, was also to be considered* 
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Ncvc'rtlieless, it was sigriifiuaiit that prostatic acid phosphatase ac,idity declined 
to the extent oi’ 52 per cent when tlie TIT was given to the (castrates. ' This was 
indeed a ])o\\erl‘ul cnidence in iavour of a direct action of this honuojie on 
the VP. 

The r(\sults ol TP therapy re\’ealed certain facts wliich liad important bearing 
on this issne. The atidrogen caused char-acteristic stirnulatioii ol* the accessories 
in the cjistrates , but when 'riT was given along with it the degree of such stimula- 
tion was less. It was of addend interest that prostatic aci<l ])hosphatase activity iji 
tiu' lormer group (TJ* alone) was (>7.7 per (-ent higher than in the untreattal 
castra[(‘s, whejeas tlie (au‘rcs[)onding figure for tlie hitter grouj) (TP in combination 
with 'fl I ) was as low as 21.7 per cent. Kowever, the loss ol* body wedght in tiu' 
combm<‘d treated animals was not to be ignored. 

A careful consideralio!i ol the evuhmce pro am! con. led to the (H)nclusion 
tluM 1dT was caf)able of ('X(‘rting some direct inlliienci* on accessory sexual organs 
ol adult male lats. Further, the results o\' exj)eriments with castrates suggested 
an antagoiiistic, action of TIT on TP at tlie ])eriphery. The recent findings of 
H?‘adlt)w rf (tJ, ( IDofi) on th(‘ influence', of TIT on the metabolism of androge'ns seemed 
|>ertim*n[ in fins comu'ctioii. Tlu'se authors noted that TTf favoured an increased 
e\cr(*tion of amlrosteront' wliethei’ from endogenous soure-es or from androgens 
introduced into the bcjdy exogenously. Tins increase' in urinary ex(‘ri'tion was 
l>cli(‘\ed lo be dm' to an enhanced rate of formation of this androgen metabolite. 
( Vmv(*rs('ly, hypothyroidism was shown to (‘lexate the rate of urinarv excretion 
of* etioeholanolone. The inhibitory action of 'FIT (aiid T) on the accessory genital 
oigans i)f infort rof.s was probably due to a similar alteration in metabolic^ pattern 
oi testicular androge'U. A similar explaiuition (uadd be offered for the failun' of 
rj^ to (‘xert its maximal t'lfects on th(' accessory genital organs of castrate's in tin* 
j)res('uc(‘ of TPf. Aleernalively, it couhl be ))ostnlated that the reactivity of 
tlie'sc organs to androgen dce'liiu'd after ITT treatment. Smelser's (19211) fine'iiugs 
on the incre'ascd a.!idre)geii leejuircment of castrated rats injecteel with T tacitly 
cemxcyeil a similu}' idea. Moreover. Font ct al. (1957) faileel to loe'ate autoradio- 
gra])lncally P’^blabelh'd dTT (and T) in the interstitium of tlie guineapig testis 
allhough considerable' accumulation of these heirmones occurred in the' prostatic 
epitlie'liiim. It was, howe*\('r. pos.sibie that a (?asual relaiieinship exisU'd bi'txxeen 
the two alternatix e's, 

TIT treatment diel not interfere with fertility even though tin* ae-cessory 
sexual organs of the recipients showenl considerable regression. Tlu' motilitv 
(d tin* spermate)zoa was unalfeed-e'd anel there was no prei)ondi*rance of any [larticuhir 
type (jf almoinialityn It was interesting that T did not interfere with the 
consum]»tion of spermatozoa in several mammalian species (Maqsood, 1952). 
These facts, tlu'refore, indicated that whatever might have been the nature and 
extent of direct effects of TIT it did not eom})romisc the fuiu'tioual jiotentialitx' 
of the accessory sexual organs. 
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Table 

The weight of the genital organs, cholesterol content of the testis and acid phosphatase 


Mean soininal vositjle weight 

Mean testis weight with S.E. with S. E. 


Treatment 

Absolute 

(Mg.) 

Relative 
(Mg./lOO gm. 
body weight) 

Absolute 

(Mg.) 

Relative 
(Mg./IOO gm. 
body weight) 

Jontrols (solvent 

only) 

1100.0 1-41 .4S 

719.4: 19.89 

2-17. M 19.77 

103.5 1 14.00 

(10)* 

(10) 

(10) 

(10) 

’JT (3 Mg. daily) 

1030.0+19.64 

724. 24.05 

103.2-1-10.12 

114. 9J 8.11 

(10) 

(10) 

(10) 

(10) 

TT (12 Mg. daily) 

937.0 L26.34 

940.4 1 51 . .50 

47.71 6.97 

50.1-1 0.19 

m 

(10) 

(10) 

(10) 

' (3 Mg. daily) 

10H3.0 L33.84 

093.3+ 11.. 50 

175.0 1 0.11 

112.8-1 6.17 

(10) 

(10) 

(10) 

(10) 

’ (12 Mg. daily) 

995.8 + 3.6.32 

887.2+28.97 

I4S.8+ 7.29 

130.0 1 7.50 

(10) 

(10) 

(10) 

(10) 

Figure 

in parenthesis indicates the number of animals. 


Seminal vesicle and ventral prostate weights. 

Tabi.e 

and acid 2 >hospl)atus€ aeliviig in the 


Mean aofuinal vesicle weight 

Mean ventral prostate weight- 



Absolute 

Relative 

.Absolute 

Relative 


(Mg.) 

(Mg./lOO gm. 

(Mg.) 

(Mg./lOO gitn 



body weight) 


body weight) 

Controls (solvent 

only) 

1,53.7 L 5.20** 

98.8: 4.59 

171. 3-i 5.41 

109.4 L 2.95 

(0)* 

(6) 

(0) 

(6) 

Oastratfj (solvent 

only) 

00.1+ 7.25 

.34.41 4.34 

25.5-i 1.43 

14. Oi I.IO 

(7) 

(7) 

(7) 

(7) 

Castrate r 'I'F 

(125 Mg. daily) 

323.9+13.84 

185.2 12. .57 

332. 3 J 10.19 

189.3 1 9.05 

(6-) 

(6) 

(0) 

(6) 

(Castrate 1 TTJ 

(13 /'g. daily) 

30.91 1.H4 

29.8! 1.41 

25,0.5 + 0.03 

20.2 !- O.OI 


(7) 

(7) 

(7) 

(7) 

Castrate i TIT 
(12 Mg. daily) ! 

TP {12.''. Mg. daily) 22 1 . 7 ; 1 7 . 1 7 

161.9 : 14.11 

203. 7 -J 10.35 

109.9 L 9.52 


(A’) 

(^) 

(7) 

(7) 


* rigur(j in })arontht*HiH iiulioatos the number of animals. S.E. of tho mean. 

Table 


Treatment 


No. of 
males 
fertile 


Effect of TIT on the weight of the genital organs and 


No. of 

ffATYtalnH 

Days 

Moan 

No. of 

Mean testis weight with S.E. 

conceived 

l-fv7vlw \yWJil. 

(cohabita- 

young 

Absolute 

Relative 


tion and 

per 

(Mg.) 

(Mg./lOO gm. 


mating. 

litter 


bo(iy w'eight) 


Mean (range) 





Controls (solvent 
only) 6 

TIT (12 fig. daily) H 


12 3.3 (2-5) 
15 3,0 (1-5) 


8.7 


8.3 


1162.8^:35.63 

(«)• 

1034.1^40. 21 

(S) 


604.7 + 26.81 

( 6 ) 

653.0+14.33 

(S) 


* Figure in pareutheisiB indiuat«B t.lio number of aniinals. 
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1 


activUy in the ventral proetate of TIT and T treated rata 



Mean ventral prostate weight 
with S. E. 

Mean testis 
cholesterol con- 
tent with S.E. 
(Mg./gm. testis) 

Acid phospha 
activity of 
ventral prost 
with S.E. 
(Mg. P/Gm/ 

1 hour). 

ttase 

Mean body weight (Gm.) 
ate with S.E. 

Absolute 

(Mg.) 

Relative 
(Mg./lOO gm. 
body weight) 

Initial 

Final 

2a0.4±U.78 

176.7±13.64 

6.01±0.10 

1.16±0.20 

123.8±3.38 

152. 8± 3. 83 

m 

(10) 

(1) 

(«) 

(10) 

(10) 

165.5il4.68 

115. 8i 9.95 

4.82±0.14 

1.47±0.06 

122.5i:3.43 

143.7i4.73 

(10) 

(10) 

(7) 

(0) 

(10) 

(10) 

88. 6± 6.86 

92. 2± 6.95 

5.10±0.14 

1 .864-0.16 

125.6±3.76 

96.0±2.74 

(10) 

(10) 

(7) 

(7) 

(10) 

(10) 

170.8±16.66 

108.7 ±9.40 

5.02±0.19 

1.11±0.07 

130.5±3.12 

167.2±4.88 

(10) 

(10) 

(6) 

(7) 

(10) 

(10) 

131. 8± 9.98 

116. 6± 8.93 

4.75±0.11 

1.24±0.07 

122.3±2.74 

114.6±2.38 

(10) 

(10) 

(7) 

(7) 

(10) 

(10) 


•> 


ventral prostate of castrated rats treated mth TIT 



Acid phosphatase 
activity of the 
ventral prostate 
(Mg. P/gm./l hour 

Mean body weight (gm.) 


Initial 

Final 


1.66± 0.24 
(6) 

165. 0± 3.73 
(6) 

166. 1± 3.92 
(6) 


0.96± 0.08 
(6) 

164. 0± 4.20 
(7) 

176. 8± 7.2 
(7) 


1.61± 0.11 
(6) 

162. 1± 4.86 
(0) 

176. 6± 5.84 
(6) 


0.46± 0.14 
(0) 

156. 7± 4.13 
(7) 

124.0± 4.61 
(7) 


1.26± 0.20 
(») 

166. 6± 4.39 
(8) 

138. 2± 6.4 
(«) 


3 

fertility in male rats 




Mean seminal vesicle weight 
with S.E. 

Mean ventral prostate weight 
with S.E. 

Mean body weight (Gm.) 
with S.E. 

Absolute Relative 

(Mg.) (Mg./lOO gm. 

body weight) 

Absolute Relative 

(Mg.) (Mg./lOO gm, 

body weight) 

Initial 

Final 

224.6±10.37 116.4±4.71 
(6) (6) 

103. 6± 7.03 66.4±3.86 
(«) (8) 

388.4±10.67 202.8±11.78 
(6) (6) 

166.3±10.96 104.6± 4.98 
(8) (8) 

199. 5± 7.08 
(«) 

224. 6± 6.68 

(S) 

193. 6± 8.11 
(6) 

168. 2± 6.66 
(8) 


5 
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Explanation op Platn XXVIIJ 

(All figures are photomicrographs. Figs. 1-2 are magnified x 350 ; figs. 3-8 are magnified x 170) 

Fig. 1. — ^Testis of a control rat. Note full spenuatogenesis. Leydig cells are indicated by 
arrow. 

Fig. 2. — Testis of a TIT treated rat (12 f^g. daily). Full spermatogenesis. Leydig cells 
(indicated by arrow) ai-e normal. 

Fig. 3. — Seminal vesicles of a control rat. Note prominent villi-like folds lined by secretory 
epithelium. The lumen is full of secretions (right lower end of the fig.). 

Fig. 4. — Seminal vesicles of a TIT treated rat (12 gg. daily). Note somewhat stunted villi and 
focal atrophy of the secretory epithelium (indicated by arrow on left-hand side of 
the fig.). However, the epithelium is mostlv normal and active at other places 
(indicated by arrow on the right-hand side of the fig.). Abundant secretion in the 
lumen. 

Fig. 5. — Seminal vesicles of a castrated rat. Note the generalized atrophy of the epithelium. 
Compare with Fig, 4. 

Fig. 6,— Ventral prostate of a control rat. Note large acni lined by seoretoi*y epithelium. The 
lumen of the aoni is full of secretions. 

Pig. 7.— Ventral prostate of a castrated rat. Note shrinkage of the acni and atrophy of the 
secretory epithelium. The lumen is full of coa^ated secretions. 

Fig. 8.— Ventral prostate of a TIT treated rat (12 Mg* daily). Note atrophy of the secretory 
epithelium in some acni (indicated by arrow at the left-hand side of the fig.) ; other 
acni show normal epithelium (indica^ by arrow at the right-hand side of the fig.) 
Compare with figs. 6 and 7. ' 
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OF KANYA KXIMARI (CAPE COMORIN), TNDTA~IT 


hy G. S. Vbnkatabaman, Botany Division, Indian Agricultural Research 
InMitute, Netc Delhi 12 

(Coraraunicated by M. S. Randhawa, F.N.I.) 
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In his previous paper (Venkataraman, 1957), the author described 29 forms 
of Diatoms mainly belonging to the order Pennales from Kanya Kumari (Cape 
Comorin). The present communication deals with the description of 28 addi- 
tional forms representing 12 genera, mainly belonging to the order Centrales, 
from the same locality. 


Systematic Enumeration 

1. Stephanopyxis palmeriana (Greville) Grunov. Hustedt, 1930, p. 308, fig 
147; Subrahmanyan, 1946, p. 88, figs. 12-14, 17, 18, 20. 

Frustulos linked in chains ; cells cylindrical ; valves slightly convex ; cells 
joined together by their spines ; spines many (Fig. 1). 

Diam. frustule, 72.2-76 //.. 

Areolae at the bakse, 6-7 in 10 /(. 

Areolae at the disc, 4-5 in 10 //. 

Habitat : Planktonic. June 15, 1956. 

2. Scektortema costatum (Greville) Cleve. Van H6urck, 1889, p. 437, PI. 
XXXIII, fig. 889, 890 ; Hustedt, 1930, p. 311, fig. 149 ; Subrahmanyan. 1946. 
p. 89, figs. 7, 8, 10 ; Venkataraman, 1939, p. 297, fig. 6. 

Frustules linked in chains by means of marginal spines : cells lens-shaped 
with rounded ends, weakly silioified (Fig. 2). 

Diam. frustule, 7.6-10.6 /i. 

Habitat : Planktonic. June 15, 1956. 

3. Hyalodiscm acoticus (Kiitz) Grunov. Hustedt, 1930, p, 293, fig, 131 ; 
Misra, 1956, p. 638, fig, 6. 

Frustules linked in chains ; cells lens shaped ; membrane finely striated ; 
striations punctate (Fig. 3). 

Diam. fimstule, 28.6-34.2 
Striae, 12-16 in 10 p. 

Habitat : Epiphytic on Chaetomorpha sp. June 17, 1966. 

This form agrees well with the Dwaraka form except in the bigger striations 
and punctae. 

4. Thdliassiosira deeipiens (Gran) JSrgenson. Hustedt, 1930, p. 322, fig. 
158 ; Subrahmanyan, 1946, p. 89, fig. 19. 

Valves flat, areolated; cells disc-shaped (Fig. 6). 

Diam. frustule, 16-16.5 p. 

Areolae, 12-16 in 10 /t. 

Habitat : Planktonic. June 15, 1956. 

6. Cyclotetla striata (Kiitz) Grunov. Van H^urck, 1899, p. 444, PI. XXII, 
fig. 651 ; Hustedt, 1930, p. 344, fig. 176; Subrahmanyan, 1946, p. 92, fig. 31. 
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Valves discoid and evenly striated ; coarsely punctate in the centre (Fig. 

4 ). 

Diam. frustule, 19-38//. 

Striae, 8-12 in 10 /t. 

Habitat ; Planktonic. June 15, 1956. 

6. Oydotella meneghiniana Kiitz. Van H6urck, 1899, p. 447, p. XXII, 
fig. 656 ; Hustedt, 1939, p. 341, fig. 174 ; Subrahmanyan, 1946, p. 92, fig. 25, 26, 
27 ; Venkataraman, 1939, p. 299, fig. 11, 14 ; Misra, 1956, p. 540, fig. 9. 

Valves disc-shaped ; margin radially ribbed ; striation coarse and wedge- 
shaped (Fig. 5). 

Diam. frustule, 22.8-24.9 //. 

Striae, 9 in 10 //. 

Habitat : Planktonic. June 15, 1956. 

7. Coscinodiscus finicus Misra. Misra, 1956, p. 541, fig. 10. Frustules 
discoid with polygonal areolation : areoles arranged in tangential rows as in the 
type ; margin strongly striated (Fig. 7). 

Diam. frustule, 38-39.9//. 

Striae, 9 in 10//. 

Habitat : On bottom mud of saline pools. June 18, 1956. 

8. Coscinodiscus granii Cough. Hustedt, 1930, p. 436, fig. 237 ; Venkata- 
raman, 1939, p. 300, PI. XVII ; figs. 2, 16, 17 ; Subrahmanyan, 1946, p. 96, 
figs. 33, 35, 39. 

Valves rounded, areolated; in the girdle view wedge-shaped ; areolations bigger 
in the centre forming a rosette (Fig. 8). 

Diam. frustule, 165 /t. 

Areolae, 5-6 in 15 //. 

Habitat ; On bottom mud of saline pools. June 18, 1 956. 

9. Coscinodiscus sublineatus Grunov. Hustedt, 1930, p. 394, fig. 205 : 
Subrahmanyan, 1946, p. 95, fig. 34. 

Valves rounded with hexagonal areolae (Fig. 9). 

Diam. frustule, 22.5 /t. 

Habitat : On bottom mud of saline pools. June 1 8, 1956. 

10. Coscinodiscus lineatus Elir^n. Hustedt, 1930, p. 392, fig. 204 ; Subrah' 
manyan, 1946, p. 94, figs. 24, 28. 

Valves slightly convex or concave, areolated ; margin of the valve striated 
(Fig. 10). 

Diam. frustule, 52.5 //. 

Areolae, 6-10 in 10 //. 

Habitat : On bottom mud of saline pools. June 18, 1956. 

11. Coscinodiscus asterompMlus Ehr6n. Hustedt, 1930, p. 452, fig. 250 
Van H6urck, 1899, p. 630, fig. 277 ; Subrahmanyan, 1946, p. 99, figs. 62-66. 

Valves ^c-shaped, areolated with a clear area in the centre ; outer membrane 
punctate ; margin striated (Fig. 11). 

Diam. frustule, 399//. 

Areolae, 4-6 in 10 //. 

This form has very big firustules and slightly greater number of areolae than 
in the type. 

Habitat : On bottom mud of saline pools. June 18, 1966. 

12. RhizosdUnia crassispina Sohroeder. Subrahmanyan, 1946, p. 119> 
figs. 138, 139. 

Cells cylindrical ; valves tapping ; spines slightly constricted at the base ; 
ohloroplasts numerous (Fig. 16). 

Diam. frustule, 33^-46.6 fi. 

Habitat : Planktonio. June 15, 1966, 
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13. Rhizosolenia eylindrua Cleve. Hustedt, 1930, p. 572, fig. 326 ; Subrah- 
manyan, 1946, p. 114, figs. 111-112. 

Cells cylindrioal ; valves oonical ; setae bent (Fig. 14). 

Diam. frustule, 24.7 /i. 

Habitat : Planktonic. June 16, 1966. 

14. Rhizosolenia stolterforthii Peragallo. Van H6urck, 1899, p. 416 ; Hustedt 
1930, p. 678, fig. 329 ; Subrahmanyan, 1946, p. 115, figs. 113, 115, 117. 

Cells cylindrioal ; prevalvar axis bent ; valves with small spines ; intercalary 
bands many (Fig. 13). 

Diam. fhistule, 15-18 /<. 

Length frustule, 135 //. 

Habitat : Planktonic. June 15, 1956. 

This form has much narrower cells than the type. 

15. Bacteriastrum cosmosum Pavillard. Hustedt, 1930, p. 622. fig. 361 ; 
Subrahmanyan, 1946, p. 126, figs, 178-78. 

Cells cylindrical ; inner setae bent towards the posterior end and run parallel 
to the chain axis ; anterior terminal setae with spirally arranged spines, curved 
towards the posterior; setae 8-12 (Fig. 12). 

Diam. fru.stule, 9.5-16.2 /t. 

Habitat : Planktonic. June 15, 1956. 

This form has slightly narrower frustules. 

16. Bacteriastrum hyalinum Lauder. Hustedt, 1930, p. 616, fig. 354 ; Subrah- 
manyan, 1946, p. 125-6, figs. 164, 166, 167, 169, 173. 

Colls short ; setae many ; terminal setae bent over the chain axis (Fig. 16). 

Diam. frustule, 34.2—38//. 

Habitat : Planktonic. June 15, 1956. 

17. Bacteriastrum, hyalinum var. princeps (Cast) Ikari. Hustedt, 1930, 
p. 616, fig. 355 ; Subrahmanyan, 1946, p. 127, figs. 166, 168. 

Cells short ; setae spirally twisted (Fig. 17). 

Diam. frustule, 22.8-24.7 //. 

Habitat : Planktonic. June 15, 1956. 

18. Chaetoceros affinis var. intermedins Subrahmanyan. Subrahmanyan, 
1946, p. 137, fig. 233. ' 

Cells linked in chains ; setae hair like and slightly bent towards the distal end : 
inner and end setae similar (Fig. 18). 

Length apical axis, 7.6-11.4//. 

Habitat : Planktonic. June 16, 1 956. 

19. Chaetoceros lorenzianus Grunov. Hustedt, 1930, p. 679, fig. 385 ; Subrah- 
manyan, 1946, p. 131, figs. 198, 199, 202-4, 206-9. 

Cells linked in chains ; setae arise from the corners ; terminal setae thicker 
than the inner ones ; setae punctate areolate (Fig. 21 ). 

Length apical axis, 67.6 //.. 

Habitat : Planktonic, June 15, 1956. 

20. Chaetoceros heinosus Sohiitt. Hustedt, 1930, p. 701, fig. 401a ; Subrah- 
manyan, 1946, p. 139, figs. 228, 229, 231. 

Cells linked in chains ; apertures oblong ; terminal setae thicker and parallel 
to the chain axis (Fig. 20). 

Length apical axis, 10.6-22.6 p. 

Habitat : Planktonic. June 16, 1966. 

21. Chaetoceros didymus Ehr6n. Hustedt, 1930, p. 688, fig. 390 ; Subrah- 
manyan, 1946, p. 134, figs. 214, 215. 

Cells linked in chains ; transapioal axis shorter ; middle of the valve possesses 
a knob (Fig. 19). 

Len^h apical axis, 34.6//. 

Habitat: Planktonio. June 16, 1966. 
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22. UJiaetocerod didymus var. protuberans (Lauder) Gran et Grendo. Husiecii 
1930, p. 690, fig. 392 ; Subrahmanyan, 1946, p. 136, fig. 216. 

Cells linked in chains ; terminal setae thicker (Fig. 22). 

Length apical axis, 13.3-15.2 //. 

Habitat : Planktonic. June 15, 1956. 

23. Biddvlphm hpteroceros Grunov. Subrahmanvan, 1946, p. 155, fig. 188 ; 
298, 303. 

Cells squarish or box-shaped : polar horns strong ; valves between spines 
slightly higher ; valve surface possesses many small spines ; both valve and girdle 
areolated (Fig. 24). 

Length apical axis, 45-48 //. 

Areolae. 9.10 in 10 //. 

Habitat : On bottom mud of saline pools. June 18, 1956. 

24. BiddulpMa mohiliensis Bailey. Hustedt, 1930, p. 840, fig. 495 ; Subrah- 
manyan, 1946, p. 155, figs. 286-87, 291-6. 299 ; PI. II. figs. 1-2. 

Cells linked in small chains by means of their horns ; each valve possesses 
two long slender spines : valve flat between tlie spines ; girdle and valve areolated 
(Fig. 23). 

Length apical axis, 26.6-76//. 

Habitat ; On bottom mud of saline pools. June 18, 1956. 

25. Biddvlphia pnlchdla Gray. Hustedt, 1930, p. 832, fig. 49(> ; Misra, 1956, 
p. 544, fig, 17. 

Valves elliptical, spinose and provided wdth long sutures; membrane areolated ; 
cell margin undulating ; middle portion of the valve raised (Fig. 26). 

Length apical axis, 95-152 //. 

Areolae, 6-8 in 10 p. 

Habitat : Epiphytic on Chuetomorphxi sp. June 17, 1956. 

26. BiddulpMa rhombus (Ehr6n) W. Smith. Van H^urck, 1899, p. 472, 
PI. XX. fig, 634 ; Hustedt, 1930, p. 842, figs. 496-7 : Subrahmanyan, 1946, p. 157, 
figs. 285, 290, 302. 

Valves elliptic-lanceolate, valve silicious ; areolated, horns stout ; valves with 
two long spines ; girdle view rectangular (Fig. 25). 

Length apical axis, 26.6-34.2 //. 

Areolae on the valve, 9 in 10 //. 

Areolae on the girdle, 12-14 in 10 //. 

Habitat : From the scrappings of the pebbles immersed in sea-water. June 
17, 1956. 


Text-fio. ] 

Figs. 1-15. — ^Fig. 1, Siephanophyxis palmenatia (Grov) Grimoy. Fig. 2, ^ctUionema 
coskitum (Grev) Cleve. Fig. 3, Hyaloducua scoticus (Kiitz) Grun. Fi^. 4, Cychtella striata 
(KUtz) Grun. Fig. 6, Cydotella meneghiniana KUt*. Fig. 6, ThaUasatosira dedpiens (Grun) 
Jorg. Fig. 7, Cosdnodiscus finicus Misra. margin of the valve. Fig. 8, C, granU Cough. Central 
rosette. Fig. 9, C. subdineatua Grunov, Fig, 10, (7, Uneaiua Ehrin. Fig. 11, 0. aateromphalua 
Ehr^n. Central area. Fig. 12, Bacteriaatrum coamoaum Pavillard. /end cell, valve view. 
Fig. 13, EhizoaoUnia atolterforthii Peragallo. Fig. 14, R, cylindrua Clove. Fig, 15, R. craaaiapina 
Schroeder. (Figs. 1, 4, 6, 12, 14, x820; Figs. 8, 10, 13, 15, xll40; Figs. 2, 3, 6, 7, 9, 11, 

X2200). 
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27. Thallaasiothrix frauenfeldii Gruiiov. Van Heurok, 1899, p. 322, 
PJ. XXX, fig. 839; Hustedt, 1931-1932, p. 247, fig, 727; Subrahmanyan, 1940, 
p. 1G9, figs. 349, 351, 354-7, 360. 

Erustules linked in stellate chains ; poles dissimilar (Fig. 27). 

Diain. friistule, 5. 7-7.6//. 

Length frustule, 1 90-277.4 //. 

Striae, 10-12 in 10//. 

Habitat : Planktonic. June 15, 1956. 

28. SurireMa ovalis Brebisson. Hustcdt, 1930, Heft 10, ]). 441, figs, 860, 8()1 ; 
Wuikataraman, 1939, p. 357, fig. 139. 

Valves ovate ; costae short ; striations radial ; central sjiace indistinct (Fig. 28). 
Uiani. frustule, 22.8//. 

Length frustule, 38-76//. 

Striae, 12-15 in 10//. 

Habitat ; Planktonic. June 15, 1956. 
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NOTES ON THE HABITAT AND HABITS OF CLEVELAND! A IDS 
(JORDAN AND GILBERT) 


hy R. Raghu Pbasaj)^ 
(Conmmnicatod by N. K. Paiiikkar, F.N.I.) 
{Received July 30 ; read Ocloher 17, 1058) 


Ah.STKA(T 

A slioi-l d«*sr*ri})tioii of tho habitat of* ClcDehituVut ion is ^ivtai. 

It is obsorvod that whilo soino of tho lar^jor indi\ iduals go into tlu^ l)urro\vs of Urechis^ 
CalUdAKiffm or during low t ido, tho smaller ones remain in the ])ools fonoisl. No 

at^oossory T‘esj)iratory adaptat ions ai(i noticed in tJie fish even though they retire into the buri’ows 
of the hosts, where the oxygon content, of the water is lowered after the mud flats are exjiosod. 
Experiments ha\e shown tho ClevHaddla is ourythermi<*. 

Oetads of food and fecxling habits are given. Analyses of stomach contents of sj)e(?im(ais 
of different sizes (?ollectod o\'er a period of twelve months show that there are changes in tho 
diet witli agi> and with season although (‘ojjepods form the mainstay of food at all ages and at all 
seasons. Ihiring, the [)oriods when the (!opej>ods are low the fish so(‘m to eat more of ova, 
nanplii. nomatodfis annelids, etc. Tho larger fish eat more of larger organisms and smaller 
items such as diatoms and tintinnids decreas<‘ with iricriuising size. There sinans to be a 
gradual eliango from [)Iankton to bottom feeding with advaniang age. 


Intkouuctiom 

(Hevelandia ios, commonly known an the ''arrow goby”, belongs to the family 
Gobiidue. Actually a s})ecimon of CK /o.v Mas first described as the type specimen 
of a new species {Gobmoma ios) by Jordan and Gilbert in 1882. The genus Gkvt- 
landia was first erected by Eigenmann and Eigenmami (1888) and they described a 
new species, (\ longvpmnis. Jordan and Starks (1895) referred ios to Clevelandia. 
Jordan (1896) described a supposed ntnv species, (Hevelandia rosae, from San Diego. 
Jordan and Evermann (1898) recognised and described two species of the genus 
Clevelandia, V. ios and G. rosat. The specific name longipinnis wan considered to 
be preoccuj)ied, but since they believed the two species longipinnis and rosae to 
be identical, they used the latter specific name. Jordan, Evermann and Clark 
(1930) recognised only one species of this genus, C. ios and all the other names have 
been reduced to synonyms. 

In distribution this species ranges from Lower California to tiie Strait of Georgia 
in Southern Britisli (yolumbia. In California they have been recorded as (xjcurring 
in the folloMing localities : Bodega Lagoon, Tomales Bay, Butano Creek, Caripiinez 
Strait in Solano County, San Pablo Bay, San Francisco Bay, Mouth of Salinas River, 
Elkhorn Slough, Morrow Bay, fresh tide-M^ater region of San Gabriel River and 
Morrow Creek in San Luis Obispo County, in the esteros at Carpenteria and Goleta 
in Santa Barbara County, Mugu Lagoon in Ventura County, Mission Bay, San 
Diego Bay and Tijuana Slough in San Diego County. 

Material and Methods 

The material for this study was collected from Elkhorn Slough, a tributary 
of Monterey Bay (36'^ 48' 45" N ; 121° 47' 15" W) from July 1946 to February 1948. 

1 Present address : Central Marino Fisheries Kosoarch Station, Mandapam Camp, 
South India. 
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In July and August 1946 a regular “minnow seine” was used for collection but from 
September onwards a small “liobinot” seine measuring 255 cm. in length and 94 cm. 
in depth was adopted. The meshes of this net are approximately round, measur- 
ing 2 mm. in diameter. 

The fish were measured after they had boon killed in a 5 per cent formaldehyde 
solution. A pair of needle-point dividers were set to the length to be determincfl 
and the reading made on ruler marked into half-millimeter units. The measure- 
ments were expressed to the nearest quarter of a millimeter by estimation. 

Habits and Habitat 

( ‘levelandia ios is a small active fish that lives both free and commcnsally in 
the borrows of Urechia, Upogehia and Calllanassa. They prefer a bottom composed 
of a mixture of sand and mud in shallow waters where the wave action is slight. 
As a typical habitat mention may be made of Elkhorn Slough, a tributary of Monterey 
Bay, where they are most abundantly founds especially in the region of the clayey 
sand. The ecological conditions of the Slough have l)ecn described in detail by 
MacGinitie (1935). Since the publication of his work, the conditions of the Slough 
remained more or less the same, as described by MacGinitie, until September 
1946 when an opening was made through the long sand spit in order to facilitate 
the fishing boats to enter the Slough. Fig. 1 shows the place whore the opening 
was made (X). Further north a causeway was built across the Slough and at present 
the water on either side of the causeway communicates through a pipe 3 feet in 
diameter. The nmv opening to the sea and the partial shutting off of the old 
communication with the sea, by the construction of the causeway, have brought 
about changes in the nature of the Slough. Before the new opening was made, 
escape of water from the Slough during low tide was delayed or prevented by the 
formation of a sand bar at the mouth of the Slough. This resulted in a greater 
portion of the Slough being covered with water. The water that now comes in 
through the now opening during high tide flows out rapidly during low tide because 
of the deepening of the channel and the lack of formation of a bar. This leaves 
the major part of the Slough completely exposed except for a channel on the western 
side and a few shallow pools here and there. 

The ground colour of Clevelandia in life is pale olivaceous to grey, spotted 
with black pigments. Closer examination shows that xanthophores are present 
associated with many of the melanophores. Irridescent white spots, varying in 
number, are found along the mid-lateral region and sometimes also on the opcrcula. 
The colour matches perfectly with the environment and it is difficult to locate the 
fish when it is at rest. The fish is also capable of changing its colour as are many 
other fishes (Mast, 1914). On a light background it turns pale whereas on a dark 
background it quickly changes to a darker shade. 

Clevelandia, when disturbed, retreats into the burrows of Urechis, Upogebia 
or Gallianaasa. The burrow is used as a shelter rather than as a residence. When 
the tide goes out they do not generally migrate into deeper waters, but remain 
either in the pools or in the burrows of one of the hosts mentioned until the next 
high tide covers the area. On such occasions, when the beds of these hosts are ex- 
posed, the gobies can be collected by digging and as many as five gobies have been 
taken from a single burrow. Only the larger individuals go into the burrows. In 
this connection it is worth quoting the observations made by MacGinitie (1934) : 
^'Clevelandia ios, a small goby fish, is a very interesting (Feature. It not only 
seeks shelter within the burrows of the above-mentioned hosts, but, as observed 
in the laboratory, it makes inspection trips throughout the length of the burrows, 


I Dr. Bolin informs me (personal communication, January 1955) that they are not 
particularly common in this area any more, 



R. RAOTrXT PRASAT) : NOTES ON THE HABITAT AND HABITS OP 


31 f> 

l)oing perfectly at home at any depth and wriggling past its host whenovor it wishes, 
to the entire indifference of the latter.” 



1. Map of Elkhorn slough. Tho cross hatchod region indicates tlio area whore sainj)les 
of Clevelandia wore collert-od for this invostigat ion. (After MaeGinitie, ]9,15 with 
ue(!essary modifications). 

The movements of (Jlevela^idia are not different from tliose of other species of 
gobies and it is believed that the fish uses its ventral fin to support itself on any 
surface. Duncker (1929) remarks : “Die Bewegungen dor moisten Wofcm^-Arten 
sind auffallig ruckartig ; von dem Punkt, an dem sie gesessen haben, schiessen 
die Tiere geradling zu einem anderen, urn dort sofort wieder still zu sitzen, Nicht 
nur an Steinen, Pfahlen und dergleichen, sondern auch auf ebenem Sandgrund 
werden dabei die Bauchfiossen der Unterlage angedriicket. Es ist nicht ganz leicht, 
sich von der Fiinktion der letzteren ein klares Bild zu machen. Beim ersten Ango- 
driicktwerden flachen die V sich naturlicli ah ; um jedoch eino Haftwirkung aus- 
zuiiben, rniissen sie einen Hohlraum negativen Dnioks urnschliessen. Die einzige, 
schwierig wahrzunohmende Bewegung der V unmittelbar naoh dom Andriicken 
•besteht in einer Abduktion ihrer Stacheln, durcli welche der bisweilen gefranste 
Hinterrand der Trichtermembran gestrafft wird. Ob sich dadurch, wie zu erwarten. 
die Trichtermembran von der Ventralflache der Bauchfiossen abhebt und auf 
diese Weise den erforderlichen Hohlraum bildet, konnte ich nicht mit Ijficherheit 
festellen, ist mir jedoch nach Versuchen am Praparat wahrscheinlich. Die Haftfa- 
higkeit besteht fiir alle Neigungswinkel der als Unterlage dienonden Flachen.” 

MaeGinitie (1935) remarks : “By means of its pectoral fins it is able to 
cling to the side of the glass in an aquarium.” To find out how Clevelandia clings 
to the glass in an aquarium, three simple experiments were conducted. In the first 
experiment the lower half of the pectoral fins was cut off so that the fins could not 
touch the surface but the ventral fin was left undisturbed. The clipping off of tho 
pectoral fins does not seem to hamper the movements of the fish. The fish could 
still cling to tho surface as usual and while it is clinging to the glass side of the 
aquarium the pectoral fins were not touching the surface. 

Aquarium observations have shown that the fish first presses the ventral 
fin against the glass wall or the bottom and then gradually raises its body which 
at the same time slightly elevates the ventral fin, too. This gives one the impres- 
sion that the fish is trying to create a vacuum, as is usually believed. To test this 
the transverse membrane at the base of the ventral fin was out off to prevent the 
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formation of a vaounm. Tho result, as was expected, was that llio fish (‘ould not 
cling to tho side wall of the aquarium. In another s])ecimon the* vc^ntral fin was 
cut longitudinally into two halves wliich also prcvejited the formation of a vacuum. 
The same result was observed. From these it is oom^ludod that (llevehudia, and 
])robably all the other gobies with a united ventral fin, use the ventral fins and not 
the pectoral fins for clinging to a surface. This is brought about by the creation 
of a partial vacuum inside the sucker-like ventral fin. 

Fighting amongst (devehndia has been noticed only once. A very intci'osting 
combat was observed one day while feeding them. A few copejxxls were dro])ped 
into the aquarium. Two female gobies having simultaneously ti‘icd and failed to 
catch the same copopod, lay ipiiet for a s(5cond. then o})ened their moutiis to the 
fullest extent and charged head on. Their jaws interlocked, otu^ biting the \i])]h^v 
jaw of the other and the other the lower jaw of its oppommt. Holding this grip 
they raised about two-thirds of their body from the bottom. This was followT.d 
by violent shaking and wriggling movements of tho body. Following this the 
combatants freed themselves, moved back and charged ojK^e again. The same 
procedure w^as repeated three times after w^hich the fight stopiilid for a while and 
they moved about picking up the copepods. But w^lion the same two individuals 
mot again face to face, they picked up the fight once moi*e. The final result w^as 
that one of them lost a part of its lower jaw. 

The fight has nothing to do with parental (uire fluring which jieriod gobii^s 
have been observed to attack other gobies or any intruder wiio might flisturb tlu' 

The habit of (devedmidid retiring into the burrow^s of llrecMs duriiig low tide 
when the mud flats are exposed, brings up the interesting question of speiu'alized 
respiratory organs. Redfield and Florkin (1931) have sliown that tho oxygen 
content of the water in the burrows decreases rapidly during the first hour after 
the flat is exposed and, by the fourth hour, to reach a minimal value of 0.06 c.c. 
per 100 c.c. of w ater. During the fifth hour there is a definite imuTaso in the oxygem 
({ontent of the water. Thus there is a possibility of integumental respiration being 
oaiTied on by Clevdatulia during this period of low" oxygen concentration as fouml 
in such species of gobies as 7'yphlogohius, Bathygobius and GilIicMhy><, 

In cases of well developecl integumental respiration it is ahvays observed that 
the blood vessels (mine as close to t he surface of the integument as possible to faci- 
litate easier and quicker diffusion of the gases. Tho diffusion of gases is, of course, 
ifivcrsely proportional to the thickness of the partition and hence tlie efficiency of 
diffusion is increased if the blood vessels come as (dose to the surface of the into- 
gnmerit as possible. Many examples of integumental respiration have been given 
by Schoettle (1931). An examination, even with the naked eyes, of those species 
where there is definite integumental respiration will show^ a superficial netw"ork 
of blood vessels. TypJilogohins californiemift has a subepidernial netw ork of blood 
vessels (Ritter, 1893). Bathygobius soporator has vascularized pectoral fins (Beebe, 
1931), and the jaw" membrane of OlIHchthys fnirahilis shows rich vascularization 
(Weisel, 1947). Chvdandia ios docs not have any such rich subepidernial vas(mlari- 
zation. This has been proved by the study of microtome sections of the operculum, 
pectoral fin, body wall and the tissue covering the head. It can be said with 
certainty that there is no specially developed integumental respiration in G. ios. 

MaoGinitie (1935) suggests : ‘'They use their operculi hut little, and it 
is probable that they respire mainly through the integument.” On the other 
handWilby (1933) has observed: “The rate of breathing varies considerably.” 
He studied the fish in aquaria. The fish buried themselves in the sand and soon 
made a water passage one on either side of the body, immediately behind the head, 
by a few slow expansions of the under side of the head followed by rapid contrac- 
t^ns. He goes on to say : “After burial the first regular, pulsations were about 
40 per minute, As soon as a water passage had been made the rate increased to 
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about no or 00 varying witli the diflferont individuals. At a temperature of about 
2nX^ th(^ fish were still alive but ap])arcntly in distress and the breathing rate in- 
creased to about 80 per minute/' 

The observations the author made on respiration of Clevelandia were at a 
temperature of The number of breathing movements of the opercula 

were counted for six individuals at rest. It varied from 36 to 62 per minute. 

One would normally ex})cct (develandia to be eurythermic, placed as they are 
in an environment which is subject to wide fluctuations in temperature. Experi- 
ments were condu(;tod in the laboratory to ascertain the tolerance of Clevelandia 
to changes in temperature. A number of individuals collected from Elkhorn 
Slough, i\'ere subjected to different temperatures for a maximum period of sixty 
hours and th(\ mortality rate observed. The range of temperature varied from 
4°C to 33.r)X. The results of the experinumt arc given in Table 1. 


Table 1 

Kfl'f'd of frmjfrrahm on (Movolandia ios. 


Number of 

Range of 

Time 

Observations at the end of the time 

fish 

tem[)oraiure 

Honrs 

indicated in the loft band column 



4 

Slightly inactive, but wlien disturbed 




swam around actively. 2 of the 13 




specimens lay uf>Hide down, but when 




disturbed they turned around and 




swam about. 



1C 

Inactive, i^O per cent of them lay with 




their belly up, but none of them was 

13 

4. ox: 


dead. 



22 

One dead and the otbers showed signs 




of slight distress and were sluggish. 



40 

All alit^e but very sluggish. 



00 

All alive but very .sluggish. 



4 

All alive and acti\'e. 



16 

All alive and active. 

4 


22 

All alive and act ivo. 



40 

All alive and active. 



60 

All alive and active. 



4 

All alive and active. 



16 

All alive and active. 



22 

A few showed slight distress and .swam 

13 



about in circles. 



40 

All alive and seemed apparently all 




right. 



60 

All alive and active. 



4 

One dead and the others showed slight 




distress. 



16 

Ten dead and the others showed increas- 




ing distress and restlessness. 

13 

29®-33.r)T 

22 

Two more out of the remaining 3 died. 



40 

All dead. 


From these observations it is evident that the low temperature did not suit 
them well and the extreme sluggishness of the fish is evidence of this. They 
haved normally and remained very active throughout in the 17® to 18®0 range | 
whereas from 22° to 26®C even though all specimens survived to the end of the 
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experiment, the fish began to show signs of distress, but they soon got over it and 
regained their normal activity. This is perhaps due to the fact that they became 
acclimated to the higher temperature. Wilby (1933) has stated that the fish 
survived at a temperature of about 25°C but apparently were in distress. As 
the temperature increases (29° to 33.5°C) the ability of the fish either to with- 
stand it or to get acclimated to decreases and results in death. 

In Elkhorn Slough the usual range of temperature is from 12° to 19°C, But 
it has been noticed that in the pools that are left when the tide recedes the tempera- 
ture of the water rises, in the sunshine, to 23°C. However, at the same place whore 
the temperature of the water was 23°C, the temperature in the underlying mud, 
at a depth of six inches, was only 15°C. The highest temperature recorded in 
such mud was only 19°C. These figures are taken from MacGinitie (1935). Thus 
the bottom living (Hevelandia has to encounter in nature only a range of tempeiature 
from 12° to 19°C. The experiments at the same time show that they can withstand 
a wider range of temperature even though they are most active in the 17° to 18°C 
range. 


Feeding Habits and Food 

The feeding habits of adult ( ^leveMindia have been ol)servod in the aquarium. 
Different kinds of food, siuili as small Annelids, pieces of Phoron ids, small shrimps, 
])ioces of crab and mussel meat and copepods were readily taken. Algal filaments, 
which were provided, were seldom eaten. Even though they pick up any kind of 
material, the particles are not eaten always unless they are of the right type of 
food material. MacGinitie (1934) observed in the laboratory : ‘Tf a largo 
piece of, for example, clam meat, too large for a goby to swallow, is put into the 
burrow which also contains crabs, the goby, after attempting to swallow or tear 
it apart, will carry the meat to a crab and stand by while the latter makes it smaller, 
the fish at intervals snatching it for another attempt at swallowing, to the discon- 
(Hirtion of the crab. The fish will do the same thing in an open aquarium with 
Spiro'fdocaris present.” It was observed that the fish prefer moving objects and 
generally pick up the animals from the bottom. Occasionally they come up and 
feed on the animals sticking to the sides of the aquarium but they have never been 
noticed to feed from the surface of the water. The food material is picked up 
from the bottom by a quick lateral movement combined with a slight forward jerk 
or a straight front attack using their pectoral fins for the forward movement. Feed- 
ing seems to be confined to day time as they have not been seen feeding at 
night. 

The stomach contents of thhty specimens, including the smallest and the largest 
in the catch, were examined each month soon after tlie fish liad been killed and 
preserved in a 5 per cent formaldehyde solution. The alimentary canal of each 
specimen was dissected out and the contents, spreaii out on a slide, were examined. 
No attempt was made at a thorough quantitative analysis and even in the qualita- 
tive analysis the usual procedure was to record only the genera of the organisms 
present. In a few cases the species also were determined when the condition of the 
organism permitted it. The organisms were recorded as ‘prcisent but few’, 
‘present in fair numbers’ and ‘numerous’. Later relative numerical values 
(arbitrary) were assigned to these and graphed (Figs. 2 and 3). 

Diatoms : Out of the samples examined the percentage of individuals found 
feeding on diatoms varied from 0 to 57 per cent. From November to May they 
are fairly well represented in the food and the utmost utilization by tlie maximum 
number of individuals was observed in May, A larger proportion of diatoms form 
the food of the smaller fish. The following genera of diatoms were included in 
the food : Cosciiwdiscm, Grammatophora^ Oyrosujrm^ Mehsira^ Navicula, Nitz-- 
schia and Thalassiothrix. 
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PiLAMEN'rous At.gae : Filaments of EyiieromorpJia intest/inalifi were occa- 
siojially seen as part of the food. Only fourteen out of ‘jfiO had them in the ali- 
mentary eanal. 

Tintinnids : 'Fhe percentage of iisli found feeding on Tintinnids varied from 
tj.o to 47 ])er cent in the different monthly samples. The ])eak falls in August 
and Se])tomher. 44iey form only a minor item of the food but are present all the 
year round, at least in one specimen. They all belong to the genus Favella. 

Ova : Small eggs ranging from 55 to bO miora in diameter formed a fair 
j>roportion of the food of l)oth the young ones as well as the adults. Exce})t in 
Se])tejnber and January, eggs were present in varying proportions as part of the 
food in all months. An analysis of the samples sho\vs that from 26.b to 87.7 per 
vent of the individuals were feeding on these ova. Identification of these ova 
proved impossible. Lebour (1919) mentions ova as forming a large proportion 
of the food of young fish. The diameter of the eggs, she observed, was about 1.9 
nun. and since the size aj)proximatcs that of the eggs of Calanus finniarchicU'^, 
wlii(Ji lias free eggs, slie believes that the eggs arc of this species of copepod. 

Nematodes : Nematodes belonging to the genus Metoncholainuis. resembling 
M. prist form a laigc pro])ortion of the diet all the year round. Mostly tlu^ 
larger s])ecimens feiMl on them. In the sam])les examined the percentage of indivi- 
duals feeding on Neinatodes varied from J.3 to ()(>.7 per cent. Large number of 
this free living Neitia-tode are found in Elkhorn Klougli and they are (loubtless food 
organisms and not parasites, 

ANNEmus : Annelids, either larval or otherwise, do not form an important 
item of the food. Out of 36tl specimens examined only nine contained PolyiJiaetos. 
They belonged mostly to the species Capiiella capitata, and a few post-larval Poly- 
chaetes were also found. It is interesting to note here that out of 360 specimens 
examined for the year, fourteen of them were found to feed on the little known 
annelid l)elonging to the genus DinophiluH, 

OiiesTAOEANs : The most important item of the food is the crustaceans. 
(Jo})epods of dilforent sj)ecJes were found to be the most ])redominant aim)Ug these 
and such larval forms as nauplii and zoea. especially the zoea stage* of Calliammi^ 
were aJso found occasionally. Only four out of 369 s|)ecimens (u)utained no 
copepods. Copepods formed the staple food of the young as well as th(^ adults 
throughout the year. Other crustattcaiis such as amphijxxls, isopods and Nebalifi 
sj). w ere also included in tluj diet. The chief (;ope])ods forming the food w'(*re in 
two genera of Harj)acti(;oids : ('anthocdw ptun and FHtmdohrwhja. 

In a few instances the stomach contents were so far digested that identitica- 
tion was impossible. Jn three of such cases it is believed that the partly digested 
material was JJrechis larvae. MacGinitie (1935) remarks that ( \ ios undoubtedly 
(^ats great nund>ers of the larvae of (kilUauafim, Urechis, annelid worms, etc. 

The analysis of the food of (Hwelatidiaou the basis of size (Fig. 2) reveals the 
following interesting facts. (\>pepods constitute the main item of food ])ractically 
at all sizes. The other crustaceans such as ainphipods, isopods, etc., become 
important only to the larger fish. Ko also the nauplii, zoeae and ova seem to become 
more important with age. The data given in Fig. 2 also suggest that the peak 
for the smaller nauplii occurs in the smaller fish. The complete absence of nauplii 
and zoeae in the 40-45 mm. group is surprising but it should be pointed out here that 
only nine specimens were available in this size range. It is difficult to explain why 
the ova become more promient in tlie larger size group, but it is likely that these 
being not actively moving may recpiire a considerable period of learning on the 
j)art of the fish before they are taken and hence become prominent in the larger 
siz(5 groups. Diatoms and tintinnids scjom to be most important at a size range of 
15-30 mm. and the decline in the importance of these in the larger fish is probably 
due to the size factor. The nematodes and annelids, which are comparatively 
larger organisms, become more prominent in the older groups and it is possible that 
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this may also mean a change from plankton to more of bottom feeding in the larger* 
fish. Filamentous algae, which are negligible up to about 35 mm., show an increase 
in the larger fish. The presence of these may be incidental to catching the nema- 
todes and annelids and seem to support the inference that the larger fish tend to 
feed more and more at the bottom. The observations in the laboratory also indi- 
cate that the adult fish feed more at the bottom. 

Pig. 3 shows the seasonal variation in the food. Here again the copepods 
are the mainstay at all times and the other crustaceans show a small peak in Septem. 



ber when the eopepoods show a decrease. From February to August there is a 
prominent peak of ova. It is likely that these are oopepod eggs and the peak 






OLEVBIANDU TOS (JOHDAN AND (ALBERT) 1^23 

probably h a reflection of the spawning of copei)ods. The iiauplii and zooae are 
found in fair numbers in June- July and in large numbers in Stjptonber. If they 
are considered separately the peak of nauplii shows a teiidency to occur in Jul\' 
and September which follows the peak of copepod eggs. The zoea peak on th(^ 
other hand, occurs in September. These zoeae are, as mentioned earlier, of 
(tnassa and the peak coincides with their spawning. The nematodes show a promi- 
nent peak in March and are relatively abundant from March to September (with 
the exception of June when the value was low but this may be due to sampling 
error) and low values are obtained for the other months. It appears from this 
that the nematodes arc more common during the warmer months when the fish 
feed on them actively. The annelid curve shows weak peaks in March -April ami 
again towards the end of the year. The tintinnids, which form a minor item of 
food, show a distinct peak and it is interesting to note that the tintiiinid curve 
is somewhat opposite to the diatom curve. This possibly suggests that when the 
diatoms are low the tintinnids are exploited as a substitute food. Tlic diatoms 
show a distinct peak in summer and are fairly high during November-Pebruary 
and low during June to October which coincides fairly well with the period when 
the low nutrient oceanic water dominates the area. The filamentous algae, whicjli 
are probably incidental to feeding at the bottom, show a very faint peak in October- 
November. 

In summing up, it may be said that there are changes iu the diet of Ckvelandia 
with age and with season. The larger fish eat more of larger organisms and such 
smaller items as diatoms and tintinnids decrease with ago. The increase in the 
number of nematodes and anneUds, supported by the presence of more filanioutous 
algae in the larger fish, suggests a gradual change from plankton to bottom feeding. 
The copepoda form the mainstay of food at all times and at all seasons, but it was 
observed that during periods when the oopepods are low, the fish eat more of nema- 
todes, annelids, ova. nauplii, zoeae and other crustaceans like amphipods, isopoda 
and NebaMa. 
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ACHARYA JAGARIS CHUNDER BOSE— HIS LIFE AND WORK 

(1858—1937) 

D. S. Kothart, F.N.I., Delhi University, Delhi 

Acharya Jagadis Chunder Bose occupies a high, almost unique, place in tlie 
recent history of Indian science. He was an investigator of uncommon (courage, 
resourcefulness and dedication. Bose’s scientific work broadly falls under tliree 
periods. From 1894 to 1899 he was almost entirely concerned with the study 
of electric waves, between 1899 and 1902 ho shifted from the physical to the bio- 
physical field, and beyond 1903 ho was occupied with the study of plant-responses 
under physical stimuli of various types. For these studios he developed and 
constructed his own instruments which were remarkable for their originality and 
extreme sensitivity. Bose founded the Bose Institute in Calcutta in 1917. He 
continued to be the Director of the Institute till his death in 1937. Bose visited 
Europe many times, and America twice, on lecture tours. He was elected a 
Follow of the Royal Society in 1920, and Corresponding Member of the Academy 
of Sciences, Vienna, in 1929. Ho was the General Presulent of the Indian Science 
Congress in 1927. He served on the Council for Intellectual Co-operation of League 
of Nations from 1920 to 1930. 

* ♦ ♦ 

Bose was born on November 30, 1858, in the town of Mymensingh in Easl' 
Bengal. (His father, Bhagwan Chunder Bose, was at the time Deputy Magistrate 
of tlie pla(5e.) He died on November 23, 1937, at the age of 79 years. (He was 
survived by Ids wife, Mrs. Abala Bose. She was the daughter of Mr, Durga Mohan 
Das, a leading advocate of the Calcutta High Court.) He received his primary 
ediKiation at the local scdiool at Faridpur : bis father did not send him to the 
English school which was there in the same town. Later, he joined the St. Xavier’s 
School in Calcutta, and the College, from which he graduated at the age of 20. 
He subsequently went to England and joined the London University to study 
medicine. He attended some lectures by the famous zoologist, Ray Lancaster. 
Due partly to reasons of health, ho left London to join the Christ College at 
Cambridge. Ho studied for the Natural Science Tripos, and attended lectures, 
amongst others, by Lord Rayleigh (Physics). He took the Tripos (Cambridge) 
and B.Sc. (London) in 1884. On his return from England he was appointed 
Professor of Physics in the Presidency College. Calcutta, in spite of serious 
opposition from the then Education Department. Bose had to do as much as 26 
hours of lecture and demonstration work per week. (This was much more than 
what was normal for his British colleagues in the same college.) He retired from 
the college in 1915. 

It was probably at the age of about 35 that Bose seriously made up his mind 
to dedicate himself completely to the pursuit of science and scientific research. 
No grant at the time was available to him for research work. The laboratory 
in the Presidency College, Calcutta, was poorly equipped and sometimes Bose 
had to construct his apparatus from his own personal resources. It was several 
years later that the Government sanctioned for his work in the college an yearly 
grant of Rs. 2,500/-. Bose’s earliest research work was concerned with electric 
waves and their interaction with matter. Electric waves were first produced in 
the laboratory by Heinrich Hertz in 1888 in his epochal experiments. The 
existence of these waves had been predicted by Maxwell about 20 years earlier 
on the basis of his extremely far-reaching and extraordinarily fruitful (as later work 
showed) electro-magnetic theory. It has been sometimes said that Bose was led 
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^ the study of electric waves after reading a paper by Sir Oliver Lodge on “Heinrich 
Hertz and his Successors” (1894). From the very Iwginning Bose’s remarkable 
physical insight, and his superb ingenuity and resourcefulness in experimentation 
were apparent. He succeeded in generating waves of ivavolongths much smaller 
than what Hertz and others had done. Ho produced waves of about half-a centi- 
metre in wavelength. Because of this he was able to investigate in considerable 
detaij the optical’ properties of electric waves, such as refraction, polarisation and 
double refraction. He determined the refractive indices of many substances, and 
also investigated the influence on total reflection of the thickness of the air-gap 
^tv^en two dielectric slabs. In the paper published in the Pro(;eeding8 of 
the Koyal Society in November 1897 ho observed : “It is seen from the above, 
that as the thickness of the air-space was gradually increased, the reflected 
component increased, while the transmitted portion decreased. Minimum thickness 
lor total reflection was found to be 8 mm.'’ Ho also verified that the thickness of 
the air-gap, for which total reflection disap])earod, increased with the wavelo.igth. 
It may be mentioned that Bose’s first paper entitled “On Polarisation of Electric 
Waves ly I)ouble Refracting Crystals” (he tried beryl, rocksalt, etc.) w^as published 
in May 1895 m the Journal of the Asiatic Society of Bengal. In 1897 Bose gave a 
meturo at the famed Royal Institution, London. It is interesting (and also ins- 
tructive) to recall that the demonstration apparatus exhibited at the lecture, which 
in present-day terminology may be described as a (simple) micro w^ave spe(^t remoter 
complete with transmitter and receiver (improved type of coherer), was constructed 
in Calcutta and taken by Bose with him to London. The originality and simplicity 
of the apparatus employed by Bose in his ex])eriments were most remarkable. For 
instance, he demonstrated the polarisation of electric waves by the simple device 
r pages of a Bradshaw railway time table with sheets of tin 
foil . Again, to eliminate the undesirable reflections of electric waves in tubes 
employed to guide them (as in the case of spectrometer), he tried many different 
coatings in other words, ho was searching for an absorber of microwaves : lie 
found that blotting paper dipped in electrolyte gave the best results. “Bos(}, in 
India between 1895-97, used hollow tubes of either circular or square section 
as waveguides and waveguide radiators on wavelengths between 5 mm. and 2.5 cm. 
His adoption of hollow tubes was probably based on the use of metal tubes in teles- 
eopes and microscopes”.* Bose also emjdoyed conical horns — he called them 
collecting funnels for concentrating the waves on the detectors. He studied the 
rotation of the plane of polarisation, and found that a bundle of twisted jute fibres 
gave right or left-handed rotation depending on the right or left-handed twist of 
the fibres. This constituted a darge-scale or 7 nacro demonstration’ of the optical 
phenomenon of the rotation of the plane of polarisation. 

For the detector, Bose used the coherer discovered by Braiily and Lodge. 
He made considerable improvements, particularly in sensitivity and reliability. 
He also experimented with the point-contact-type detector consisting of a metal 
wire in contact with a metal plate or semiconducting crystal. In the case of most 
substances, the resistance falls when the detector is exposed to electric waves but 
there is also a rise of resistance for some substances such as lead peroxide and 
potassium. Bose found that in the case of galena crystal the detector was not 
only sensitive to electric waves but also to light radiation extending from infra- 
red to violet. Hero he was obviously dealing with what later came to bo recog- 
nised as photovoltaic effect. These experiments dealing with the variations in 
contact resistances under the influence of electric waves — ^particularly the erratic 
behaviour of the system in many cases — brought to Bose’s mind the phenomenon 
of electric response in animal muscles when subjected to stimuli. “Bose enquires 
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whether inorganie models may not also be devised whi(ih will satisfy this criterion. 
In this way ho was able to construct models in which mechanical and light stimuli 
produce electrical responses. Tho proportionality which exists between intensity 
of stimulation and electrical response, the gradual appearance of fatigue in response 
after repeated stimulation, from which the system recovers after it is given sufficient 
rest, the increase of response on treatment with one set of chemicals and its inhibi- 
tion by another sot, are similar to what occurs in living tissues. Wo shall describe 
here only one of his models : it is made of two wires of pure tin, whoso lower ends 
are clamped to an ebonite block; tho upper ends pass through an ebonite disc, 
and are joined through binding screws to the two terminals of a sensitive galvano- 
meter. The arrangement fits into a cylindrical glass vessel, filled with distilled or 
tap water. On giving one of the tin wires a sharp twist, an electric current flows 
from the wire through the galvanometer system. The amplitude of response is 
enhanced when a small quantity of sodium bicarbonate is added to the distilled water; 
on the other hand, if oxalic acid is added to the water the response is abolished. 
Many of the effects observed in animal tissues under stimulation, viz., of the 
oyjposite effects of small and large doses of a chemi(*.al j)oison, etc. could be obtained 
with this model of Bose.’** Mention here may also be made to tho interesting 
analogy between the excitation of nerve and tho passivity of iron dipped in strong 
nitric acid. This was investigated in great detail by Lillie (1920-lff)) and later 
by Bonhoeffor.t Tho first suggestion came from W. Ostwald in 1901, Another 
interesting mf)del is due to Bredig (1903-1908) in which the oscillations of a 
mercury drop placed in a hydrogen peroxide solution appear (outwardly) to resemble 
the rhythmic pulsations of an animal heart. 

These investigations gradually led Bose to the formulation of his fundamental 
(J 0 n(iej)t (and in this context it is relevant to call attention to his early training in 
])hysiology and medicine) that basically the response, under stimulus, in the non- 
living (e.g., metal) and the living (e.g., animal muscle) is of tho same nature, though 
they differ in their level of complexity. From about 1903 onwards Bose investi- 
gated with great ingenuity, vigour and perseverance tho response phenomena in 
j)lants when exposecl to various kinds of stimuli, e.g. mechanical, electrical and 
chemical, and also light radiation. Ho regarded that the response phenomena in 
plants lie between those exhibited in inorganic juatter and in animals. He deve- 
loped and (constructed in his own laboratory special instruments for the purpose 
of measuring almost every type of plant-response. The rate of growth of plants 
is. crudely speaking, of the order of 0.1-0.01 mm. per minute, and to measure that 
ho constructed many instruments which he named Crescographs (crescere : to grow). 
Tho high-magnification crescograph consisted of a combination of levers (in some 
(jases mechanical and optical) giving a magnification of about 10,000. The magnetic 
crescograpli, in which tho small displacement of a magnet caused a large deflection 
in astatic magnetic system, produced a magnification of inoro than a million. Bose 
also develoj)ed several types of automatic recorders in which friction between the 
recording prm and the writing plate was eliminated by either vibrating tho plate 
or the stylus. He constructed an instrument to record the liberation of oxygon 
during photosynthesis in platits. He also studied the variations, as a result of 
stimulations, in the electrical resistance of plant tissue. He was the first to use 
electric probt^^s for the localization of actively metabolizing layers in plants. 

Bose’s plant work was largely carried out with the Mimosa plant and with 
Desmodium gyrans (telegraph plant, the Indian name is Bon Chural), He 
studied oven such things as tho effect of load (placed on tho leaf) on response to 

*tTagadish (Hnujclra Boso : Birth Centenary Series ITT: I). M. Bose, Science and Cidturcy 
24, 6 (1958), p. 215. 
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stimulus. For instance, he observes : ‘‘The effect of load on the response of 
Mimosa is similar to that on the contractile response of muscle. With increasing 
load the height of response undergoes a progressive diminution with shortening 
of period of rcicovery. Within limits, the amount of work performed by a muscle 
increases with load.* The same is true of the work performed by the pulvinus of 
Mimosa.^^ In the case of Desmodium qyrans he observed that the detached leaflet 
continued to show rhythmic pulsations, the period being of the order of 2 minutes. 
The pulsation occurs between the temperature of about 17 deg. C and 45 deg. C. 
The pulsation is affected by chemical reagents and electric stimuli. Bose also in- 
vestigated the problem of the ascent of sap in plants. He thought, contrary to the 
generally accepted view then and now, that this is brought about by peristaltic 
activity of the inner cortical cells in the plant stem, somewhat analogous to the 
activity of the animal heart. 

♦ ♦ * 

It may be observed that one of the most far-reaching concepts which has emerged 
from the biological and physiological researches during the present century is 
that all vital ])rocesse8 in living organisms can be (completely) understood in terms 
of physical and chemical laws governing material phenomena. (It appears — some 
tliink it is certain — that this is not likely to bo the case in the realm of phenomena 
concerning the mind). Towards this realisation Bose made a pioneering and very 
important contribution. In one of the papers road (but not published) befori) llie 
Royal Society in 1904 he observed : “From the poiut of view of its movements 
a plant may be regarded in either of two ways : in the first place, as a mysterious 
entity, with regard to whose working no law can be definitely predicted, or in the 
second place, simply as a machine, transforming the energy supplied to it, in ways 
more or less capable of mechanical explanation. Its movements are apparently 
so diverse that the former of these hypotheses might well seem to be the only alter- 
native. Light, for example, induces sometimes positive curvature, sometimes 
negative. Gravitation, again, induces one movement in the root, and the opposite 
in the shoot. From these and other reactions it would appear as if the organism 
had been endowed with various specific sensibilities for its own advantage, and 
that a consistent mechanical explanation of its movements was therefore out of 
the fpiestioii. In spite of this, however, I have attempted to show that the plant 
may nevertheless be regarded as a machine, and that its movements in response to 
external stimuli, though apparently so various, are ultimately reducible to funda- 
mental unity of reaction.”* And further, to quote from his book ‘Plant Response 
as a Means of Physiological Investigation’ (1906) : “The phenomenon of life, 
then, introduces no mystical power, such as would in any way thwart, or place in 
abeyance, the action of forces already operative. In the machinery of the living, 
as in that of the non-living, wo merely see their transformation, in obedience to the 
same primdple of conservation of energy as obtains elsewhere; and it may be 
expected that, in proportion as our power of investigation grows, the origin of 
each variation of the*, living organism will be found more and more traceable to the 
direct or indirect action upon it of external forces, the element of chance being thus 
progressively eliminated, as the definite sequence of cause and effect (;omcs to be 
perceived with an iiHjroasing clearness ; and only, I venture to think, as this is 
worked out, can we learn to apprehend fully the true significance of the great 
Theory of Evolution.” 

♦ ♦ ♦ 

In his papers and books Bose gives very few roforences to previous and con- 
temporary workers. This is partly, no doubt, due to the fact that he was in most 

* ‘Plant Response as a Moans of Physiological Investigation’ by Sir Jngadish Chunder 
Bose (1906), p. VIII. 
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cases exploring new ground. It should also be mentioned that “the priority of 
many of Bose’s observations, e„g, positive and multiple responses, alike electrical 
and mechanical, and transmission of death excitation, is seldom given the acknow- 
ledgement due in current literature on plant physiology He has left behind 

nineteen volumes which form a record of the w^ork carried out and directed by him 
over a period of nearly thirty-seven years.” Bose was truly a great man of science 
and his pioneering spirit and work have played a vital role in the revival of scientific 
research in our country. But for all this he was more in the nature of a lone worker 
— a towering but isolated peak — ^rather than a builder himself of a school of scientific 
research. To conclude, we may quote his memorable words spoken at the end of 
the lecture at the Royal Institution (London) in January 1897 : “The land from 
whi(;h I come did at one time strive to extend human knowledge, but that was 
many centuries ago. It is now the privilege of the West to load in this work. I 
would fain hope, and I am sure I am echoing your sentiments, that a time may come 
when the East, too, will take her part in this glorious undertaking ; and that at no 
distant time it shall neither be the West nor the East, but both the East and the 
West, that will work together, each taking her share in extending the boundaries 
of knowledge, and bringing out the manifold blessings that follow^ in its train.” 
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Geddes in his ‘Life of Boso’ gives tlio following extract from the Spectator (London) : 
“Wo can see no reason, whatever, why tlie Asiatic mind, turning from its ab8orj)tion in insoluble 
problems, should not betake itself ardently, thirstily, hungrily, to the research into Nature 
which can never end, yet is always yielding results, often evil as well as good, upon which 
yet deeper inquiries can be based. If that hujipened -and Professor Bose is at all events a 
living evidence that it can happen- that would bo the greatest addition ever made to the sum 
of the mental force of mankind.’’ 







